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*Personal privacy information*

Mike Braverman To: Shanaz Bacchu

<braverman@AESOP, cc: Peter Colty <pjeotty@srre.arg usda.govs, Shanaz
RUTGERS.EDU> Bacchus/DC/USEPAUS@ERPA

Subject: RE: AF36 Label

05/27/03 02:38 PM

Shanaz

| have included all the changes you requested. The only additional change |
made was to gpell out the word-Worker Protection Standard on the first page.

Let me know if there is anything else that needs attention,
Thanks

Michael Braverman, Ph.D

Biopesticide Coordinator

iR-4 Project, Rutgers University
Technology Centre of New Jersey

661 U.S. Highway 1 South

North Brunswick, New Jersey 08802-3380
Tel {732)932.9575 &xt 610

FAX {732)8932-8481
bravermani@assop.rutgers.edu

IR-4 Website www.cook.rutgers.edu/-ir4

----- Original Message-----

From: Shanaz Bacchus

Sent: Saturday, May 24, 2003 12:13 PM
To: Mike Braverman

Cc: Shanagz Bacchus

Subject: Re: AF36 Label

Aftached is a version | ingerted the following in Word:
1. 2nd line first page: When applied "to cotlon”.
2 "Other ingredient:” near wheat seeds in ingredient statement,
. | did not include this, please do: in "See additional.....statements”
below add "on other panel" becavse Environmental Hazards appear on 2nd page
4a. Over WPS box, please ali the language from the page | had given you.
If you have misplaced it, look at the Label Review manual for 1he
instructions for that box or emai me. Check 40 cfr 156.206(a}.
4b. | moved the mixerfloader statement into Hazards to humans section.
Check 40 CFR 156.212{3}{c}. In moving around some of the iters, | may have
messed up the boxes, 50 please check them against your last 2-page Cotly
vergion. Do not repeat the statement in the "Directions for Use™,
5. Under "Ground Application”: 1. Apply Asper...._.with a
cultivator...." and "DO NOT COVER AF36 COLONIZED WHEAT SEEDS WiTH SOIL".
6. Remove the statement "Spray drift... to End-use Product’,

If any guestions, do email me.

Sorry about all these multiple revisions...just have to deal with all
parties’ comments.

Have a great Memorial Day weekend. Il be in the office on Tues, at
meetings t0 am.-12noon.

Sincerely




*Personal privacy information*

Shanaz Bacchus
703-308-8097

----- Original Message -----

From: "Mike Braverman” <braverman@AESOP . RUTGERS.EDU>
To: "Shanaz Bacchis"

Cc: "Shanaz Bacchus" <Bacchus.Shanaz@epamail.epa.gov>
Sent: Monday, May 19, 2003 1:43 PM

Subject: RE: AF38 Label

> Shanaz

e :

> With help from Peter the label has been reduced to 2 pages withoul
deleting

> any portion. This will make it easier 1o fit on the bag.

-

> | didn't follow what you were saying about wheat so | didn't change
> anything related to that. If its still not right, please change in the

text

>sg0 | can see il

>

> | increased the font size of the Caution statement to 18 and the Keep out
of

> reach statement to size 12.

>

> The second place thal had the word CAUTION is now incorporated into the
= section of the precautionary statement.

-

> Hope this works.

-

=

-3

>

> Michael Braverman, Ph.D

> Biopestigide Coordinator

> IR-4 Project, Rulgers University

> Technology Centre of New Jersey

>881 U.8. Highway 1 South

> North Brunswick, New Jersey 08902-3390

>Tel (732)932-9575 ext 810

> FAX {732)932-8481

> braverman@aesop.rulgers.edu

> IR-4 Website www.cook.rutgers.edul~ird

>

> -——--Original Message-----

> From: Shanaz Bacchus

> Sent: Sunday, May 18, 2003 10:52 AM

> To; Mike Braverman

> Subject: Re: AF36 Label

>

>

> Mike, afler logking al the labet, t observed thal the name Aspergillus
> flavus is misrepresented when caps are used {the species name "llavus"
uses

> |oweer case. Accordingly, | changed it and italicized the name. Some




*Personal privacy information*®

mircr

> ¢changes were also made in the text, such ag "colonized" wheal seeds
{please

> check if the word "wheal"” as included) in order to clarify it is the A.

> flavus AF36 colonized wheat seeds. Also inlcuded goggles, since primary
eye

> irritation study was waived. {f ater you wish to remove goggles, provide

> data or information to do so. In the registration notice, you will be

asked

> o change the -R to 1. | will communicate when you have to do this,
Please ,

» gheck the labet and let me know if you concur with the changes mentioned
> above,

> Thanks

=

P rammn Original Message -----

> From: "Mike Braverman" <braverman@AESCP.RUTGERS.EDU>
> To: "Shanaz Bacchus"

> Sent: Friday, May tg, 2003 3:43 PM

> Subject; RE: AF36 Label

>

>

= > Have a nice wegkend!

>

> > Michael Braverman, Ph.D

> > Biopesticide Coordinator

= >{R-4 Project, Rulgers University

> » Technology Centre of New Jersey

> » 681 15,8, Highway 1 South

> > North Brunswick, New Jersey 08902-3380
> > Tel (732)932-6575 ext 610

= > FAX (732)932-8481

> > braverman@aesop.rutgers.edu

> > |R-4 Website www.cook.ruigers.edu/~ird
=

> P e Original Message--=

> > From: Shanaz Bacchus

= > Sent: Friday, May 16, 2003 3:39 PM

> > To: Mike Braverman

> > Subjecl: Re: AF36 Label

-

>

> > Worked like a charm,

> > thanks,

> > shawn

i QOriginat Message --—---

= » From; "Mike Braverman” <braverman@AESCOP RUTGERS.EDU=
= > To: <Bacchus.Shanaz@epamail.epa.gov>_
= > Sent: Friday, May 18, 2003 2;38 PM .
> > Subject: RE: AF36 Label

= e

>

> » » Shanaz

> >

> 5 > | hope this attachment works....
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> >

b |

> > > Michael Braverman, Ph.D

> > > Biopesticide Coordinator

> > > {R-4 Project, Rutgers University

= = > Technology Centre of New Jersey

> > = 681 U.5. Highway 1 South

= > > Norlth Brunswick, New Jersey 08802-3390

>> > Tel (732)932-9575 ext 610

> > > FAX (732)932-8481

> > > braverman@aesop.rutgers.edu

> > > {R-4 Website www.cook.rutgers.edu/~ir4

>

> > > —--Criginal Message-----

> > > From; Bacchus Shanaz@epamail.epa.gov

> > > [maito:Bacchus, Shanaz@epamail .epa.gov]

= > > 3ent: Friday, May 16, 2063 1.24 PM

= > > To: Mike Braverman

»>>Ce Bacchus.Shanaz@epamail.epa.gov; Peter Colly,
> > > Phil Hutton

> > > Subject: Label ¢

> >

-

b R g

> > > Mike, thanks for the label. | opened in Word.

> > > 1, The reenbry statement was missing in the WPS box.

> > > 2 lincluded a statement near the aerial application to show that no
> > > spray drift is expected, so that no one asks for spray drift
slatements.

= > > Please align the statements under the Direclions for use and the
Actlive

= > > ingredient statement,

=> >3 in the Furrow Irrigation statement: Furrow irrigating. ... will

> > > provide....include "will" or the verb,

o>

> > > Proof and send in 5 final copies, i.e. the ones you would like
stamped,

> > > by FEDEX, as we discussed on the phone this morning. | really wish
the

> > > emailed one would work but our printers don't ever seem 1o do well
with

> > > your Word documents either at work or home.

b= T T

> > > Thanks,

>

> > > shawn

> >
.

>> >
>
AF362pnageCotty may27mb 2003
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Mike Braverman To: Shanaz Bacchus
<braverman@AESOP. cc: Shanaz Bacchus/DCAISEFA/US@EPA
RUTGERS.EDU> Subject: RE! AF36 Label

03M18/03 0143 PM

Shanaz

With help from Peter the label has been reduced to 2 pages without deleting
any portion. This will make it easier to fit on the bag.

| didin't follow what you were saying about wheat so | didn't change
anything related to that. If ils still not right, please change in the text
so | can see it

| increased the font size of the Caution statement to 18 and the Keep out of
reach statement to size 12,

The second place that had the word CAUTION is now incorporated into the
section of the precautionary statement, 2

Hope this works.

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Gentre of New Jersey

681 U.S. Highway 1 South

North Brunswick, New Jersey 085902-3380
Tel {732)232-0575 axt 610

FAX (732)932-8481

. braverman@aesop.rutgers.edu

IR-4 Website www.cook,rutgers edu/~ird

————— Original Message-----

From: Shanaz Bacchus

Sent: Sunday, May 18, 2003 10:52 AM
To: Mike Braverman

Subject: Re: AF35 Label

Mile, after locking at the label, | observed that the name Aspergillus

flavus is misrepresented when caps are used (the species name "llavus" uses
loweer case. Accordingly, | changed it and italicized the name. Some minor
changes were also made in the text. such as "colonized” wheat seeds (please
check if the word "wheat" as included) in order to clarify it is the A, '
flavus AF 36 colonized wheat seeds. Also inlcuded goggles, since primary eye
irritation study was waived. If later you wish to remove goggies, provide

data or information to do so. In the registration notice, you will be asked

o change the -R to 1. | will communicate when you have o do this. Flease
check the label and let me know If you concur with the changes mentioned
above.

Thanks



*Personal privacy information*

-—-- Original Message ~w---

From: "Mike Braverman” <braverman@AESOP RUTGERS. EDU>
To: "Shanaz Bacchus” W

Sent: Friday, May 16, 2 2

Subject: RE: AF36 Label

> Have a nice weekend!

>

> Michael Braverman, Ph.D

> Biopesticide Coordinator

> |[R-4 Prgject, Rulgers University

> Technology Centre of New Jersey

> §81 U.S. Highway 1 South

> North Brunswick, New Jersey 08802-3390
» Tel {732)932-9575 ext 610

> FAX (732)932-8481 _

> braverman@aesop.rulgers.edu

> IR-4 Website www . cook.rutgers.edu/~ir4

b Criginal Message--=
> From: Shanaz Bacchum
> Sent: Friday, May 18, 2 :

> To: Mike Braverman
> Subject: Re: AF36 Label
>

>

> Worked like a charm,

> thanks,

> shawn

> --—- Original Message --—

> From: "Mike Braverman" <braverman@AESOP RUTGERS.EDU>
> To: <Bacchus.Shanaz@epamail.epa.gov>;

> Sent: Friday. May 18, 2003 2:36 PM

> Subject: RE: AF3G Label

o>

e
>>» Shanaz
T
> > | hgpe this attachmeni works....
-~
> >
= > Michael Braverman, Ph.D
> > Biopesticide Coordinator
» > {R-4 Project, Rutgers University
> > Technology Centre of New Jersey
> > §81 U.8. Highway 1 South
> > North Brunswick, New Jersey 08802-3390
> > Tel (732)932-0575 ext 610
> > FAX (732)932-8481
= > praverman@aesop.rutgers.edu
> > |R-4 Website www.cook.rutgers.edu/~ir4
>
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> > From: Bacchus.Shanaz@epamail.epa.gov
> > [mailto:Bacchus.Shanaz@epamazil.epa.govj
> > Sent: Friday, May 16, 2003 1:24 PM

> > To: Mike Braverman

>> Cc_?.acchus.Shanaz@epamaﬂ epa.gov; Pater Cotly;
> > Phil Hutton

> > Subject: Label

>>

>>

>

> > Mike, thanks for the |abel. | opened in Word,

> > 1. The reentry statement was missing in the WPS box,

> > 2, bincluded a statement near the aerial application fo show that no

> > gpray drift is expected, so that no one asks for spray drift statements.

> > Plgase align the statements under the Diractions for use and the Active
> > ingredient statement.

> > 3. Inthe Furrow irrigation statement: Furrow irrigating......will

> > provide....include "will" or the verb.

> >

> > Proof and send in 5 final copies, i.e. the ones you would like stamped,
> > by FEDEX, as we discussed on the phene this morning. | really wish the
> > emailed one would work but our printers don't ever seem to do well with
> > your Word documents either at work or home.

> >

> > Thanks,

> >

> > shawn

> >

3>

AF362pageCotly may 2003.d
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Mike Braverman To: Sharaz Bacchus/DC/USEPA/USE EF’A._

<braverman@AESOP, oe:
RUTGERS.EDU> Subject RE: AF36 Label

05/ 1603 02:36 PM

Shanaz

| hope this altachment works....

Michael Braverman, Ph.O

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Centre of Mew Jersey

681 £1.8. Highway 1 South

North Brunswick, New Jersey 08902-3380
Tal (732)932-8575 ext 619

FAX (732)932-8481
braverman@aesop.rutgers.edu

IR-4 Website www.cook.rutgers.edu/~ir4

-—--0riginal Message-««--

From: Bacchus. Shanaz@epamail.epa.gov
[mailto:Bacchus.Shanaz@epamail epa.gov]

Sent: Friday, May t6, 2003 1:24 PM

To: Mike Braverman

cll I G- s Shanaz@epamail.epa.gov, Peter Colly;
Phil Hutton

Subject: {.abel

Mike, thanks for the label. | opened in Word.

t. The reentry statement was missing in the WEPS box.

2. lincluded a statement near the aerial application to show that no
spray drift is expected, so thal ne one asks for spray drift statements.
Pleass align the slatements under the Directions for use and the Aclive
ingradient statement.

3. In the Furrow irrigation stalement: Furrow irrigating. .....will

provide. ...include “will" or 1he verb.

Proof and send In & final copies, i.e. the ones you would like stamped,
by FEDEX, as we discussed on the phone this morning. | really wish the
emailed one would work but our printers don't ever seem to do well with
your Word documents either at work or home.

Thanks,

shawn

AFBSBDae Iabél.do
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Mike Braverman Tol Shanaz Bacchus/DC/AUSEPANS@ERPA
<hraverman@AESOP. ce: Peter Colly <pjcotty@srrc.ars.usda.gov>, Phil
RUTGERS.EDU> Hutton/DC/USEPA/US@EPA

Subject: RE: AF36 analysisfroduct id and fabet

0571603 12:06 PM-

Shanaz

i have spoken to Peler Cotty on this issue.

YCG is the only method used and can distinguish AF38 from all other A.
flavus strains. it is used both prior to and after production of the batches
in a redundant manner.

As stated in MRID 44626101 page 10,

" Both isozyme analyses and DNA polymerphisms show that the VO G test
specifically identifies the consislenly atoxigenic vegetative compalibility
group which we call Aspergillus flavus AF38B, There is a zero tolerance for
A, ftavus not identified as as Aspergiiius fiavus AF38."

While isozyme and DNA potymorphisms have been used as a confimitory
technique to the VCG system. there (s no intention on using them as part of
the QC system. Onty VCG will be used,

A complete outiine of the identification of the erganism is described in

MRID 44626101 page ¢ in which the the AF36 is compared {0 tester mutants on
iong term storage which have aiso been deposited with and availabie from the
American Type Culture Collection.

The updated labet is also attached

Michael Braverman, Ph.D

Biopesticide Coordinator

tR-4 Project, Rutgers University
Technology Centre of New Jersey

681 U.8. Highway 1 South

North Brunswick, New Jersey 08902 3390
Tel (732)932-9575 ext 610

FAX (732)932-8481
braverman@aesop.rutgers.edu

iR-4 Websile www.cook.rutgers.edu/~ir4

----- Original Message.----

From: Bacchus.8hanaz@epamail.epa.gov
[mazilto:Bacehus.Shanaz@epamail.epa.gov)
Sent: Thursday, May 15, 2003 4:34 PM
To: Mike Braverman

Subject: RE: AF356 analysis/product id

i

As disﬁussed with you on the phone, the only ouistending issue is to
find a canfirmatory method to identify AF38 apart from VCG analysis.




Please ask Peter if there is any other DNA analysis or some other method
which can be used. !f necessary, we can tefecenference with Peter and
John Keugh on this issue next week, say Tues.,

Thanks,

shawn

703-308-8097

AF383page tabel.do

10
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Mike Braverman T:::I
<braverman@AESOP,
RUTGERS.EDU> oc:

05/15/03 02:02 PM

Subject: RE' AF3&label/moniloring

Dear Shanaz

in response to your e-mail we are addressing the following 3 segments.

A) TX efficacy research.
B)Aflatoxin In the batches -HPLC analysis

C) Timeline for storage stabiity study

A} TX efficacy research.

The FDA does not routinely monitor cotionseed for aftatoxin, it is done at
and by the individual gins, oii milis, or cotlonseed brokers.

Concerning the efficacy data you are requesting the data will consist of
measurements of the cisplacement of aflatoxin producing strains in

soil and on cottonseed by treatments with Aspergilius flavus AF36.

Air monitoring data will not be included. The incidence of AF36 in the air
is not an efficacy question.

As we have stated previously , we do not view this as a public health
pesticide and beleive that the TX and AZ cotton fields are comperable enogh
so that performance in Texas is not an issue.

B} Affatoxin in AF36 batches

In regard to your question about an HPLC method, although HPLC methods
exist, TL.C and Immunological Tests are routinely used for aflatoxin
analyses. These tests are official approved methods for aflatoxin analyses.

As we discussed on several occasions, aflatoxin content of batches Is not
determined as part of the quality controi because it does not provide useful
information.,

As required by the manufacturing protocol, a batch would be discarded

if the vegetative compatibility (VCG) test was negative for AF36. |

heliave we had

laid this question lo rest and that this was elready settled, but as an
overview here are the quality contro! procedures:

1 PRIOR TO PRODUCTICN:

Inocujum of AF36 is transferred from storage and grown in pure culture.
Each plate is examined for purity visually on three media. Working Cultures
Vials result from these plates. Each culture plate used to make a Working
Culure Vial is tested by both vegetative compatibility {o ensure the

] PA/US@EPA, Shanaz Bacchus
Peler Cotty <pjcoliy@srrc.ars.usda.gov>, Phil

Hutlon/EC/USEPA/US@EPA, Phil Wakelyn <pwakelyn@cotton.org>,
Larry Anilta <LAntlla@AZ colton.com>

11



culture is AF36 and for aflatoxin production. Aflatoxin production is

tested by growing the culture in media and under conditions idea! for
aflatoxin production. In this process, TL.C is used o quantify aflatoxin
production. This is a well-established widely accepted technique that hasa
limit of detection below 1 ppb. This is a redundant test because AF36 has
been tested hundreds of times for aftatoxin production and has never been
found to produce aflatoxins.

If the VCG test is negative or the TLC test detects aftatoxin the inocutum,
the vials would be discarded prior to being accepted as Working Culture
Viats.

2. PRODUCTION: During production, the quantity of conidia is increased.
Wheat is steamed sterilized, cooled, and the sterile wheal is coated with a
suspension of AF36 conidia. The AF36 coated wheat is then incubated for 24
hr. to allow the fungus to briefly colonized the wheat. The wheat is then
dried and packaged for use.

3. POST PROBUCTION:

Every batch of AF36 colonized wheat produced is tested by VCG analysis to
reconfirm the pre-production VCG test. ' o

If these tests were ever negative the batch would be discarded or destroyed.

These procedures prevent the possibility that the product ¢can be
contaminated with aflatoxin producers.

All of the above is already submitted in MRID 44626101 page 8

The following is not currently part of the production system, but could be
added:

tf the POST Production VCG test fails the batch will either be discarded OR
analyzed by TLC for aflatoxin.

If the TLC test detects aflatoxin the batch will gither be discarded OR
analyzed by HPLC. o

If these statements would make the protocol acceptable, then these could be
added to the production
system protocol.

Once again, let me repeat that this is only an operating procedure and in
actuality nothing would go past the

VCG test of the batch, because if a balch is detected that is negative for
AF36 by the vegelative compatibility test, that batch will be discarded.

The aflatoxin content of the sterilized wheat colonized by AF38 {finished
product) can be determined as part of the 5 batch analysis. The finished
product from each of the batches can be anatyzed either in Dr. Cotly's
laboratory by TLC or by a commercial laboratory by a different method.
However, a requirement of routine aflatoxin analyses, as a component of the
manufacturing process would be an unwarranted burden for the grower-run
manufacturing facility.

12
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C) Timeline for storage slabitity siudy

There is the possibility that product may need to be stored for up to 18
months, As | showed you in the journal article, data has already been
putlished showing

28 monihs of storage stability, although tunderstand that you need Ihe
stabitity data on the

actuat productior: scate baiches. So with an 18-month stability siudy, lime

to

produce the batches, and time to work with the data and submit a report two
and a haltf years are needed to complete this study.

So in summary, in regard {o the addition information needed to reply to and
the proposed due dates for the registration:

B85.1300 Discussion of Formalion of Unintentional Ingredients Human
Pathogen, aflatoxin contamination,

Time needed after registration: lo be added to the 5-baich analysis, 2
years, 6 months.

885.1400 Anaiysis of Samples-5 batch analysis including viablity and
storage stability.
Time needed after registration: 2 yr, 6 menths

885.1500 Certification of limits,
Time needed after regisiration: 2 year

Non-guideline - Efficacy data in Texas
Time needed after registration: 2 vears for development of an additional
year of data.

Michzet Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Cenire of New Jersey

681 .S, Highway 1 South

MNorth Brunswick, New Jersey 088902-3380
Tel {732)832-0575 exi 810

FAaX (732)832-8481
braverman@aesop.ruigers.edu

IR-4 Website www.cook.ruigers.edu/~ird

----- Original Message-----

From: Shanaz Bacmusm
Sent: Monday, May 05, :

To: Mike Braverman

Subject: Re: AF36/tabelfmenitaring

Thanks, i lock at it tomorrow after | get the other siuff done that's
despergiely needed.

t have another issue ta discuss regarding efficacy trials in TX. Can you
provide cottonseed dala from the FDA monitoring of cotlonseed lo show hat
more cottonseed has been acceplable in AZ over the period of the EUP?

13
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Also, would it be easier for you to provide FDA monitoring of the cottonseed
in TX to show that more cottonseed has bean acceptable in TX over this
season. If so, we may be able to use that data instead of requiring soll

and air monitoring data in TX as & condition of registration.

| am just testing the water on this one...and limagine, 50 are you. Flease

discuss with Peter and ¢all me sometime today after 1 p.m., Mon 5/5 on
If not call me on Tues at work (703-308-8097)

Shawn

«--- Original Message --»w

From: "Mike Braverman' <braverman@AESOF . RUTGERS EDU>

To: <Bacchus. Shanaz@epameail.epa.gov>

Ca: "Peter Cotty" <pjcotty@srrc.ars.usda.gov>

Sent: Monday, May 05, 2003 11:51 AM

Subject: R&: AF38/1abel

= Shanaz

> | could not make it fit with the other changes/ boxes so | have changed
the

> label out of the column format and onto 3 pages. Attached is the atest
> update.

»

> If any other parts of this need attention please let me know,

>

> Thanks

-

> Michael Braverman, Ph.D

> Biopesticide Coordinator

= IR-4 Project, Rutgers University

> Technology Cantre of New Jersey

> 881 U.S. Highway 1 South

> North Brunswick, New Jersey 08802-3300

>Tel (732)932-9575ex1 610

>FAX (732)932-8481

> braverman@aesop rutgers.edy

> IR-4 Website www.cook. rutgers.edu/~ird

> cnmes Original Message-----

> From: Bacchus.Shanaz@epamail.epa.gov

> [mailto:Bacchus.Shanaz@epamail.epa.gov)

> Sent: Saturday, May 03, 2003 11:28 AM

> To: braverman@AESOP.RUTGERS . EDU>

> Subject: AF36&/abel

>

-

>

> AF36/iabel

=

> To capture our phone discussion yesterday, Fri §/2:

s

> 1, Under Caution { {st column, 1st para)

> "Harmful if swallowed, Avoid breathing dust. Causes moderaie eye
> jrritation. Avoid contact with eyes or clothing. Prolonged or

14




> frequently....individuals. Wash hands...after handling.”

>

> 2. User Safety Recommendations {put in box for visibility, indent or
> align..my email doesn't allow me to do so.}

>

> "Users should wash hands before eating, drinking,chewing gum, using
> lobacco, or using the toilet.

>

> Users should remove clothing/PPE (spell out, 1st ref) if pesticide gels
> inside. Then wash thoroughly and put on clean clothing.

>

> Users should remove PPE immediately after handling this product. Wash
> the otuside of gloves before removing. As soon as pessible, wash

> thoroughly and change into clean clothing.”

>

> 3. Above Agric. Use Reguirements box: "It is violation...Do not

> apply.."etc., as per page | gave you for WPS. {f you have misplaced i,
> drop me an emailivoicemail, include a fax # and (1l fax it to you...'m

> working at home on Monday 5/5, but can access both from home.

>

> 4. Ag Use requirements contain statements for early entry workers and
> REL. include statements about PPE for mixerfloaders in the Directions
> for Use.

>

> 2nd column

> 5. Remove 3000 cfu from position near to AF36 active ingredient listing.
> Put asterisk above AF386 and viabilily data below Total line to read

> " *3000 cfu/g End-use Product”

-

> 8. Include First Aid Sttatements in BOx for visibility as per PRN

> 20011 | sent you yeslerday p.m. First Aid statements include "Iif on

> gkin or clothing..."

>

> Below First Aid statements:

>

> *Have the product container or labet with you...

>

> Remove redundancies to tighten up label.

>

> [ noticed when | converted it from Word to WordPerfect, it became 2
> logical pages. The draft label, which we stamp does not have to be the
> final printed (FP) label, Of course, you don't want to have to do 2

> labels, (1 draft and 1 FP) but if it's easier for you to ieave the

> printers the job of rearranging the columns, then the 2 page WP tabel
> will be fine, assuming that the content remains the same on the FP.

>

> Now that {'ve kept my promise about the fabel, have a great weekend,
> shawn '

> (sent sat 5/3 from home}
-
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*Personal privacy information*

Mike Braverman To: Shanaz Bacchus
<braverman@AELSOP, cc: Shanaz BacchusiDCASEPA/US@EPA, Peter Cotty
RUTGERS.EDU> <pjcotty@srre.ars.usda.gove

Subject; RE: data waiver requests

05/12/03 04:14 PM

Shanaz

| have the waiver requests in the attached file,
Please let me know if anything else is needed.

Thanks

Michael Braverman, Ph.D

Siopesticide Coordinator

IR-4 Project, Rutgers University
Technology Centre of New Jersey

881 U.S. Highway 1 South

North Brunswick, New Jersey 08902-3360
Tel {732)932-9575 ext 610

FAX (732)932-8481
braverman@aesop.rutgers.edu

IR-4 Website www.cooK.rutgers.eduf~ir4

From: Shanaz Bacchusm
Sent: Monday, May 12, :

To: Mike Braverman

Subiject: data waiver requests

For the (1) acute inhatation study: 152-32: waiver requested because there are no respirable
particles in the inerts or End-use Product, inoculated sterilized wheat seeds.

(2) immune response: clearance observed in both acute oral and pulmonary studies ...days,
organs, ete. :

(3} hypersensitivity study: no hypersensitivity incidents cbserved in maximally exposed
researchers, handlers over experimental phases in lab or field. Ailso no non-occupational
exposure above background levels expected based on agricultural use and for all those other
reasons re ubiquitous exposure 1o naturally occurring organism,

Please put in Data Waiver format and send by email,
Thanks,
shawn

I

301-924-7144 (in case you have any questions, do call) gFSBhea’athwaiverspr(
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*Personal privacy information*

RUTGERS.EDU> " Subject: RE: AF36ftabel

05/05/03 1151 AM

Shanaz

I could not make it fit with the other changes/ boxes so | have changed the

Iabe! cut of the column format and onto 3 pages, Attached is the latest
update.

If any other parts of this need attention please let me know,
Thanks

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Techrology Centre of New Jersey

681 U.S. Highway 1 South

North Brunswick, New Jergsey 08902-3380
Tal (732)932-8575 ext 610

FAX {732)832-8481
braverman@aesop.rutgers.edu

IR-4 Website www.cook rutgers.edu/~ird

~~~~~ Criginal Message---—

From: Bacchus.Shanaz@epamail.epa.gov
imailto:Bacchus. Shanaz@epamail.epa.gov]
Sent; Saturday, May 03, 2003 11:28 AM
To: braverman@AESCP.RUTGERS EDU>
Subject: AF36/label

AF36iabel
Te capture our phone discussion yesterday, Fri 5/2:

1. Under Caution (1st column, 1st para)

"Harmfu! i swallowed. Avoid breathing dust. Causes moderale eye
irritation. Awvoid contact with eyes or clothing. Prolonged or
frequently....individuals. Wash hands...after handling.”

2. User Safety Recommendations (put in box for visibility, indent or
align..my-email doesn't allow me to do so.)

"Users should wash hands before eating, drinking,chewing gum, using
tobacco, or using the teilet.

Users should remove ciothing/PPE (spell out.. 15t ref) if pesticide gets
inside, Then wash thoroughly and pul cn clean clohing.

Users should remove PPE immediately after handling this product. Wash
ihe otuside of gloves before removing. As soon as possible, wash

Mike Braverman To: Shanaz Bacchus#DC#USEPMUS@EPA_

<hbraverman@AESOP. cc: Peter Cotty <pjcotty@srre.ars.usda.govs
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thoroughly and change into clean clothing,”

3. Above Agric. Use Requirements box: "lt is violation...Do not
apply.."etc., as per page ! gave you for WPS. f you have misplaced it,
drop me an emailfvoicemall, include a fax # and 'l fax it to you...'m
working at home on Monday 5/5, but can access both from home.,

4. Ag Use reguirements contain statements for early entry workers and
RE! Include statements about PPE for mixerfloaders in the Directions
for Use.

2nd column

5. Remove 3000 cfu from position near to AF36 active ingredient #isting.

Put asterisk above AF36 and viability data below Total ling to read
" *3000 cfu/g End-use Product”

8. Include First Aid Sttatements in BOx for visibllity as per PRN
2001-1 | sent you vesterday p.m. First Aid statements include "If on
skin or clothing...”

Below First Aid statements:
"Have the product container or label with you..,
Remove redundancies to tighten up label.

| noticed when | converted it from Word to WordPerfect, # became 2
logical pages. The draft label, which we stamp does not have to be the
final printed (FP) label. Of course, you don't want to have to do 2
labels, {1 draft and 1 FP) but if it's easier for you to leave the

orinters the job of rearranging the columns, then the 2 page WP label
will be fine, assuming that the content remains the same on the FP.

Now that I've kept my promise about the label, have a great weekend,
shawn
{(sent sat 5/3 from home)

AF363page label.do
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*Personal privacy information*

<braverman@AESQOP. ce!
RUTGERS.EDU> Subject: RE: AF36/label
05/05/03 08:30 AM

Shanaz

[ think under point # t it was "Harmful if inhaled", not "Harmful if
swallowed" and we put this before the "Avoid breathing dust” statement

So it now looks like this ;

Harmiut if inhaled avoid breathing dust. Causes moderate eye irritation and
avoid contact with eyes, skin or clothing. Prolonged o frequently repeated
skin contac! may cause allergic reaction in some individuals. Wash hands
thoroughly with soap and water after handling.

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Projecl, Rutgers University
Technotogy Centre of New Jersey

681 U.S. Highway 1 South

North Brunswick, New Jersey 08902-3390
Tet {732)832-9575 ext 610 '
FAX {732)932-8481

braverman@aesop rutgers.ecu

IR-4 Website www.cook.rutgers.edu/~ir4

----- Criginal Messagg-----

From: Bacchus.Shanaz@epamail epa.gov
[mailto:Bacchus, Shanaz@epamail.epa.gov]
Sent: Saturday, May 03, 2003 11:28 AM
To: braverman@AESCP.RUTGERS EDU>
Subject: AF36/abel

AF36fabel
To caplure our phone discussion yesterday, Fri 5/2;

1. Under Caution {1st column, 1si para]

"Harmful if swallowed, Avoid breathing dust. Causes moderale eye
irritation. Avoid contact with eyes or clothing. Prolonged or
frequently.. individuals. Wash hands . after handling.”

2. User Safety Recommendations {put in box for visibility, indent or
align..my emall doesn't allow me to do so.}

"Users should wash hands befare eating, drinking,chewing gum, using
lobacco, or using the toilet.

Users should remove clothing/PPE (spelt out.. 1st ref) if pesticide gels
nside. Then wash thoroughly and put on clean clothing.

Mike Braverman - Te: Shanaz Bacchus/DCIUSEPA/US@ERA
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Users should remove PPE immediately after handiing this product. Wash
the otuside of gloves before removing. As soon as possible, wash
thoroughly and change into clean clothing."

3. Above Agric. Use Requirements box; "t is violation...Do not
apply.."etc., as per page | gave you for WPS. if you have misplaced it,
drop me an emailfivoicemail, include a fax # and {'ft fax it to you...I'm
working at home on Monday 5/5, but can access both from home.

4. Ag Use reguirements contain statements for early entry workers and
REL include statements about PRPE for mixerfioaders in the Directions
for Use.

2nd column

5. Remove 3000 cfu from position near to AF36 active ingredient listing.
Put asterisk above AF36 and viability data below Total line to read

" *3000 cfufg End-use Product”

6. Include First Aid Sttatements in BOx for visibility as per PRN
2001-1 | sent you yesterday p.m. First Aid statements inciude "if on
skin or clothing..."

Below First Aid statements:
"Have the product container or label with you...
Remove redundancies to tighten up label.

{ noticed when | converted it from Word to WordPerfect, it became 2
legical pages. The draft label, which we stamp does not have to be the
final printed (FP) label. Of course, you don't want to have to do 2
{abels, {1 draft and 1 FP) but if it's easier for you to {eave the

printers the job of rearranging the columns, then the 2 page WP label
will be fine, assuming that the content remains the same on the FP.

Now that {'ve kept my promise about the abel, have a great weekend,
shawn
{sent sat 5/3 from home)
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*Personal privacy information*

Mike Braverrman ~ To: Shanaz Bacchus/DC/USERAUS@ERA
<hbravermanfDAESOP. cC:
RUTGERS.EDU> Subiect; RE: Storage stabitity/AF36

0502103 12.83 Piv

Shanaz

Could you please paste the section of the BRAD pertaining to the additional
data requested into an e-mail so that | can consiruct a letter for Larry
Antilla.

Thanks

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Cenire of New Jersey

681 U.8, Highway 1 South

North Brunswick, New Jersey 08802-3380
Tel {(732)932-0575 exi 610

FAX (732)932-8481
braverman@aesop.rulgers.edu

IR-4 Websiie www,cook rutgers eduf~ird -

----Criginal Message----

Fram: Bacchus.Shanaz@epamail.epa.gov
[maiito.Bacchus.Shanaz@epamaii.epa.govj
Sent: Friday, May 02, 2003 11:47 AM

To: Mike Braverman

Cc: baccd71@comecast.net

Subject: Re: Storage stability/AF36

Mike, | just want to make sure | understand the question....are you
saying that because the 5th bailch will be produced later, that you wil
need more than 1 year to submit the storage stability data? How much
time would be appropriate?

shawn

Phone: 703-308-8037

Mike Braverman
<braverman@AESCP.R To; Shanaz
UTGERS.EDU> Bacchus/DC/USERPA/US@ERA,
bacca7 1@comecast.nef
05/02/03 10:22 AM cc:
Subject: Storage stabiity
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Shanaz

| was looking over the storage stabifity portion of whats in the draft
BRAD,

What is the storage period needed during such a study? { am thinking
about

this in relation to your requirement to do that within a year of a
conditional registration . Does the storage stability need to be done on
5

batches? if so the time of production of the 5th batch would be a
limiting

factor on when the last study could start.

Please explain,
Thanks

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Centre of New Jersey

881 U.8. Highway 1 South

North Brunswick, New Jersey 08902-3390
Tel (732)932-9575 ext 610

FAX {732)932-8481
braverman{@aesop.rutgers.edy

IR-4 Website www.cook.rutgers.edu/~ird
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*Personal privacy information*

Mike Braverman To: Shanaz Bacchus/DC/USEPAJUSEERA
<praverman@AESQOP, 524
RUTGERS.EDU> Subject: RE: Stlorage stability/AF36

05/02/03 12:02 PM

Shanaz

How long does the stability study need to be conducted? 3 month 6 month 1
year?

The 1899 articie by Bock and Cotly that | faxed to you on 44/03 shows
stability over a 28 month period.

Ajso for the conditional registration itseil how {ong will it be good for?

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Centre of New Jersay

681 U.S Highway 1 South

North Brunswick, New Jersey 08902-3380
Tel (732)932-9575 ext 610

FAX {732)932-8481
braverman@aesop.rulgers.edu

IR-4 Website www.cook.rutgers edu/~ird

----- Qriginai Message-—

From: Bacchus, Shanaz@epamail.epa.gov
fmailte:Bacchus . Shanaz@epamail.epa.gov]
Sent; Friday, May 02, 2003 11:47 AM

To: Mike Braverman

Cc: baced71@comcast.net

Subject: Re: Storage stability/AF36

Mike, | just want to make sure | understand the question....are you
saying that because the 5th balch wilf be produced later, that you will
need more than 1 year to submit the storage stabiiity data? How much
time would be appropriate?

shawn

Phone: 703-308-80%87

Mike Braverman
- <braverman@AESCP.R To: Shanaz
UTGERS.EDU= Bacchus/DC/USERPA/US@ERA,

05/02/03 10:22 AM cec:
Subject: Storage stability
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Shanaz

| was looking over the storage stability portion of whats in the draft
BRAD.

What is the storage period needed during such a stugdy? | am thinking
about

this in relation to your requirement to do that within a year of a
conditional registration . Does the storage stability need to be done on
5

batches? if s0 the time of production of the 5th batch would be a
limiting

factor on when the last study could start.

Flease explain.
Thanks

Michael Braverman, Ph.D

Biopesticide Coordinator

iR-4 Project, Rutgers University
Technology Centre of New Jersey

881 4.5, Highway 1 South

North Brunswick, New Jersey 08802-3330
Tel (732)832-8575 ext 610

FAX (732)232-8481
braverman@aesop.rutgers.edu

IR-4 Website www .cook rutgers egu/~ird

24




*Personal privacy information*

<braverman@AESCP. co:
RUTGERS.EDU> Subject: Storage stability

B5/02/03 10:22 AM

Shanai

| was iooking over the storage stability portion of whats in the draft BRAD,
What is the storage period needed during such a study? | am thinking about
this in relation to your requirement to do that within a year of a

conditiona! registration . Does the storage stability need to be done on 5
batches? If s0 the time of production of the 5th batch would be a limiting
factor on when the last study could start.

Please explain.
Thanks

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Centre of New Jersey

681 U.S. Highway 1 South

North Brunswick, New Jersey 08%02-3390
Tel {732)932-9575 ext 610

FAX (732)932-8481
braverman@aesop.rutgers.edu

R-4 Website www.cook.rutgers.edu/~ir4

Mike Braverman To: Shanaz BacahustCfUSEPMUS@EPA._
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Mike Braverman To: Shanaz Bacchus/DC/USEPA/US@EPA

<braverman@AESQOP. cc: Bob Holm <hoim@AESOP.RUTGERS.EDU>, Larry Antilia

RUTGERS.EDU> <LAntilla@AZcotton.com>, Peter Cotty <pjcotty@srrc.ars.usda.gov>,
Phil Wakelyn <pwakelyn@cotton.org>, Phil

04/28/03 10:54 AM © Hulton/DCIUSEPAJUS@EPA, Janet Andersen/DCIUSEPAIUS@EPA

Subject: AF36 Final approval process

Dear Shanaz

The cotton foiks and IR-4 are reaily getting excited in anticipation of the
AF38 approval which we hope will be completed this week.

Thanks for ait your efforts in bringing this to a closure. | will be at EPA

on Wednesday, Aprit 30. ! couid try to squeeze some time in if there are any
last minute questions. | have not heard anything since we met on Aprii 15 so0
| assume all is weil and on track,

Sincerely

Michaei Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Centre of New Jersey

681 U.S. Highway 1 South

North Brunswick, New Jersey 08902-3390
Yel (732)932-9575 ext 610

FAX (732)932-8481
braverman@aesop.tutgers.edu

IR-4 Website www.cook.rutgers.edu/~ir4

AF362003.ppt
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Mike Braverman To: Shanaz Bacchus/DC/USEPA/US@EPA
<braverman@AESOP. ce: Peter Coity <p}cotty@srrc ars.usda.gov>
RUTGERS.EDU> Subject: Updated label

04/17/03 03:10 PM

Dear Shanaz

Attached is the updated label. | hope { understood all of the changes
requested and we on our way to our approval in May, Its possible that t may
be in Crystal City on April 30 on other business, but I'm not sure at this
point, Hopefully thats for the signing celebration!

| wil} be out tomorrow.
Thanks

Michael Braverman, Ph.D

Biopesticide Coordinator

R-4 Project, Rutgers University
Technology Centre of New Jersey

681 U.S. Highway 1 South

North Brunswick, New Jersey 08202-3380
Tel (732)832-9575 ext 610

FAX (732)932-8481
braverman@aesop.rulgers.edu

IR-4 Website www.cook.rutgers.edu/~ird

LABelAF38Sec3NOAfla.de
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Mike Braverman To: Shanaz Bacchus/DCAISEPAUS@ERPA
<braverman@AESOP. cc
RUTGERS.EDL>» Subject; FW: FW: Aflatoxin Losses

04/16/Q3 03:38 PM

Shanaz

Attached is the benefits statement you requested. Wil try to get the iabel
te you tomorrow or Monday.

Michael Braverman, Ph.D
~ Biopesticide Coordinator
iR-4 Project, Rutgers University
Technology Centre of New Jersey
681 .8, Highway 1 South
North Brunswick, New Jersey 08902-3390
Tel {732)932-9575 ext 810
FAX {732)932-8481
braverman@aesop.rutgers.edu o
iR-4 Website www.cook.rutgers.edu/~ird

----- Qriginal Message-----

From: Peter Cotty [maito:pjcolty@srrc.ars.usda.gov)
Sent; Wednesday, April 16, 2003 3:11 PM

To: braverman@AESOP . RUTGERS.EDU

Subject: Re: FW: Afiatoxin Losses

Michael,

it iooks good. | made very minor changes to a few sentence. The cost
estimate for the ammoniation | reduced some to make it more realistic.,

it is good. Thanks for the corrections. | think you shouid send it on,

--Peter. o

>>> Mike Braverman <braverman@AESOP.RUTGERS.EDU> 04/16/03 01:57PM >>>
Peter

i think you want to remove the reference to Tabie t-t didn't see it. |
changed the order of the whole thing and made a few minor changes. Let me
know if the changes | made are CK.

Thanks
Michael

Michael Braverman, Ph.D
Biopesticide Coordinator
IR-4 Project, Rutgers University
Technology Centre of New Jersey
681 U.5. Highway 1 South
* North Brunswick, New Jersey 08902-3390

28




Tel {(732)932.9575 ext 510

FAX (732)932-8481
braverman@®aesop.rulgers.edu

IR-4 Websile www.cook.rulgers.edu/~iré

-----Original Messagg-.--

From: Peter Cotly [mailto:pjcotty@srre.ars.usda.gov]
Sent: Wednesday, April 18, 2003 10:17 AM

To: braverman@AESORP.RUTGERS.EDU

Subjecl: Aftatoxin Losses

Michael,

Please look this over and lel me know if you wan! it modified.

--Peler.

Peter J. Colly, Ph.D.

Research Plant Pathologist

Southern Regional Research Center
Agricultural Research Service

United States Department of Agriculture
1100 Robert E. Lee Blvd.

New Orleans, LA 70124

pjcotly@srrec.ars.usda.gov
Phone: 504-286-438
FAX: 504.286-4496

Peter J. Cotly, Ph.D.

Research Plant Pathologist

Southern Regional Research Center
Agricultural Research Service

United States Department of Agriculture
1100 Robert E. Lee Biva.

New Orleans, LA 70124

pjcolty@srre.ars.usda.gov

Phone: 504-286-4391
FAX: 504.286-4498

.

Aflatoxin Losses ed.do
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Mike Braverman To: Shanaz Bacchus/DC/USEPA/US@EPA
<braverman@AESOP, cc: Peter Cotly <pjcotty@srre.ars.usda.gov>
RUTGERS.EDU> Subject: FW: Spore Weighis

04/04/03 02:41 PM

Shanaz

Attached | have the information on how the % active ingredient was
calculated as in the CSF. | will be faxing some info on storage stability
and the 3,000 CFU/gram guestion.

{ hope the FAX on the CFU, Stability, and batches came through. Note: batch
info is all the way at the last page.

If | need to put this through front end, let me know.
Thanks

Michae! Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Centre of New Jersey

6881 U.S. Highway 1 South

North Brunswick, New Jersey 08902 3390
Tel (?32)932«9575 ext 810

FAX {732)532-8481
braverman@aesop.rutgers.edu

IR-4 Website www.cook.rutgers.edu/~ird

----- Criginal Message-----

From: Peter Cotty fmailto:picotty@srrc.ars.usda.gov]
Sent: Friday, April 04, 2003 12:01 PM

To: braverman@AESCP.RUTGERS.EDU

Subject; Spore Weights

Peter J. Cotty, Ph.D.

Research Plant Pathologist

Southern Regional Research Center
Agricultural Research Service

United States Department of Agriculture
1100 Robert E. Lee Blvd.

New Orleans, LA 70124

pjcotty@srrc.ars.usda.gov
Phone: 504-286-4351
FAX: 5D4-286-4496
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Spore Weight in formuation for Label.
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Mike Braverman To: Shanaz Bacchus/DC/USEPA/LIS@EPA

<braverman@AESOP, ce: Bob Holm <holm@AESOP.RUTGERS.EOU>, Peter Cotty

RUTGERS.EDL: <picotty@srre.ars.usda.gov>, Phil Hulton/OC/USEPA/LISE@EPA, Phil
Wakalyn <pwakelyn@colton.org>, Larry Antifla

0312/03 03:5tPM . - <L Antilla@AZcotion.com>

Subject: RE: Aflatoxin analyses

Shanaz

This is in regard to your inquiry for the relation of AF36 to FDA
monitoring data. As | mentioned during our phone conversation and as
described in lhe attached information, AF-36 does not necessarily reduce
aflatoxin to a certain level. In this system the proportion of aflatoxin
producing fungi are reduced; however, aflatoxin content is not necessarily
reduced below FDA action thresholds.

It has been a long journey since the the first submissions by Christina
Hartman and Bill Biehn in 1995, We hope this information s useful in
expiaining the system, negating the need to review the newly requested Texas
data. We look forward to discussing how we may ¢come to a timely and
successful conclusion on this grower based initiative.

Bob Holm will be joining us for the teleconference tomorrow,

Michael Braverman, £h.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Centre of New Jersey

681 U.S. Highway 1 Soulh

North Brunswick, New Jersey 08202-3390
Tel (732)932-9575 ext 610

FAX {732)932-8481
braverman@aesop.rutgers.edu

iR-4 Websile www.cook.rutgers.edu/~ir4

----- Qriginal Message«-«.-

From: Bacchus.Shanaz@epamail epa.gov
[mailto:Bacchus.Shanaz@epamail.epa.gov)

Sent: Monday, March 10, 2003 10:35 AM

To: Mike Braverman

Ce: pjcotty@srrc.ars.usda.gov; pwakelyn@cotton.org;
LAntila@AZcotton.com

Subject: Aflatoxin analyses

Peter, I'm copying you, because I'm aware that Mike's going to be on
travel. If you can provide some information to the questions below, it
will speed things up. I'm also copying Larry as the registrant, so that
he can be aware of the issues which are cropping up.

At issue:

Have any of the studies you submitted actuaily shown the FDA monitoring
data to demonstrate the levels of aflatoxin in cotton are less and

within the FDA regulatory levels in treated fields than in untreated?

What | envisage with the FDa data is that you will show or have shown
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that the levels are within those required by FDA, but that more cotlon

food commodities were acceptable because treatment during the EUP caused
the afiatoxin ievels on the food commodity to decrease. Let me expiain,

The reviewers are arguing that they have not seen he actuatl aflatoxin

ievei data. They have been toid that FDA or whoever is monitoring

cotlon for market purposes is accepting more of the cotton.

Where are the actuai records of the afiatoxin leveis that support the
decision to accept more for the market? If these data are shown in any
of the MRIDs or other submissions, do iet me know exactly where to point
the reviewers, so that we can save time, if not please send in data to
demonstrate that the aflatoxin levels were reduced or are within
requlatory ievels in cotton after the EUPR (i.e. FDA or regulatory
monitoring data with xx ppb on cotton seed, cottonseed meai, etc.)
Inctude in the summary what aflatoxin monitoring method was used,

Thanks

Sincereiy, i

Shanaz Bacchus, Chemist

USEPA/OPP (Mail Code 7511C)

Biopesticides and Poiiution Prevention Division
1200 Pennsyivania Ave,, N.W,

Washington D.C. 20460

Phone: 703-308-8097

Fax; 70:3-308-7026

AF36Efficacy FDA B raverman version.. AF36Pie efficacy slide to MB.| LABelAF36

Sec3aflatoxin.de
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Mike Braverman To: Shanaz Bacchus/DC/USERPA/US@EEPA

<braverman @AESOP. cc:
RUTGERS.EDU> Subject: FW: FedEx shipment 781548921170

03/11/03 12:53 PM

Shanaz

FYt. Hard copy of AF-36 data has been received at EPA

Michael Braverman, Ph.D

Biopesticide Coordinator

tR-4 Project, Rutgers University
Technology Centre of New Jersey

681 1.8, Highway 1 South

North Brunswick, New Jersey 08902-3390
Tel (732)932-9575 ext 810

FAX (732)032-8481
braverman@aesop.rutgers.edu

IR-4 Website www.cook.rutgers.edu/~ird

----- Origina! Message----

From: sysdeliv@fn3a.prod fedex.com [mdilto:sysdeliv@fn3a.prod.fedex.com}
Sent: Tuesday, March 11, 2003 12:41 PM

To: braverman@AESOP.RUTGERS.EDU

Subject: FedEx shipment 791540921170

Our records indicate that the shipment sent from Michael Braverman/IR-4
PROJECT/RUTGERS U

to Shanaz Bacchus/US EPA- BPPD Room 810 has been delivered.

The package was delivered on 03/11/2003 at 11:51 AM and signed for

or released by T.BETTES.

The ship date of the shipment was 03/10/2003.
The tracking number of this shipment was 791540921170,

FedEx apprecialés your business. For more information about FedEx services,
please visit our web site at hitp://www fedex.com

To track the status of this shipment online please use the following:
hitp:/fwww fedex.com/cgi-binftracking ?tracknumbers=791549921170&action=track
&language=english&cntry_code=us

Disclaimer

FedEx has not validated the authenticity of any emat address.
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Mike Braverman To: Shanaz Bacchus/DCUSEPA/US@EPA
<braverman@AESOP. ccl
RUTGERS.EDU> Subject; AF-36 efficacy and Aflatoxin data

03/07/03 03:00 PM

Shanaz

Thank you for your assistance in moving this forward. AF-38 efficacy and
Aflatoxin data are attached. | will FAX the 8570-1 form today and send 3
hard copies on Monday.

Have a good weekend

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Projeci, Rutgers University
Technology Centre of New Jersey

881 U.S. HMighway 1 South

North Brunswick, New Jersey 08802-3390
Tel {732)932-9575 ext 610

FAX {732)932-8481
braverman@aesop.rutgers.edu

IR-4 Website www.cook rutgers.edu/~ird

Efficacy for Texas March 2003b.d _
---- Message from "Ramon Jaime" <RJaime@srrc.ars.usda.gov> on Thu, 6 Mar 2003 12:29:28 -0500

To: "Peter Cotty" <pjcotty@srrc.ars.usda.gov>
Subject: aflatoxin paper

‘

aflatoxin in south texas.dc South Texas areas.pd percent over 20.pdi probability of aflatoxin b&w.p.

.H

aflatoxin b&w.pdf AF36cover|etter2.wpc




Mike Braverman To: Shanaz Bacchus/DC/USEFA/US@EPA
<braverman@AESOP. ce:
RUTGERS.EDU> Subtect: AF.38 efficacy and Aflatoxin daia

03/07/03 02:48 PM

Shanaz

Thank you for your assistance in moving this forward. AF-36 efficacy and
Aflatoxin data are attached. | will FAX the 8570-1 form today and send 3
hard copies on Monday.

Have a good weekend

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Centre of New Jersey

881 U.8. Highway 1 South

North Brunswick, New Jersey 08802-3380
Tel {732)232-9575 ext 610

FAX (732)932-8481
braverman@aesop.rutgers.edu

IR-4 Website www.cook.rutgers.edu/~ird

Efficacy for Texas March 2003b.d
- Message from "Ramon Jaime" <RJaime@srrc.ars.usda.gov> on Thu, 8 Mar 2003 12:29:29 -0500

To: "Peter Cotty" <pjcotty@srrc.ars.usda.gov>

Subject: afiatoxin paper

aflatoxin in south texas.de South Texas areas.pd percent over 20.pdi probability of afiatoxin bé&w.p

aflatoxin b&w.pdi AF36coverietter2.wpc
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Mike Braverman _To: Shanaz Bacchus/DC/USEPA/US@EPA
<braverman@AESCP. ce
RUTGERS.EDU> Subject: FW: oid msg/BW forms

03/04/03 04:15 PM

OQPS! here is the attachment

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University -
Technology Centre of New Jersey

681 U.S. Highway 1 South

North Brunswick, New Jersey 08902-3390
Tel (732)932-9575 ext 610

FAX (732)932-8481
braverman@aesop.rutgers.edu

IR-4 Website www.cock.rutgers.edu/~ird

----- Original Message-----

From: Mike Braverman [mazilto:braverman@aesop.rutgers.edu]
Sent: Monday, March 03, 2003 2:42 PM

To: Bacchus.Shanaz@epamail.epa.gev

Subject: RE; old msg/OW forms

Shanaz

| beleive these were already covered in MRID 4530702, although not in
combination with these forms. The data waivers afe attached. Do | need to
send this through front end as an ammended volume of MRID 45307202 and
457391037

Please advise.

Michael Braverman, Ph.D

Biopesticide Ceordinator

IR-4 Project, Rutgers University
Technology Centre of New Jersey

681 U.S. Highway 1 South

North Brunswick, New Jersey 08902-3390
Tel (732)232-9575 ext 610

FAX (732)932-8481
braverman@aesop.rutgers.edu

{R-4 Website www cook.rutgers.edu/~ird

-----0riginal Message-—--

From: Bacchus.Shanaz@epamail.epa.gov
[maitto:Bacchus. Shanaz@epamait.epa.govl
Sent: Thursday, February 27, 2003 7:39 PM
To: braverman@AESOP . RUTGERS.ECU
Subject: old msg/OW forms
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DW forms again...scroll down to the end of this message. *

shawn ) ,
----- Forwarded by Shanaz Bacchus/DC/AUSEPA/US on 02/27/03 02:47 PM

Shanaz Bacchus

To: Mike )
11/06/02 04:21 PM Braverman@aesop.rutgers.edu
lofe

Subject: Aspergillus eco
data

waiver justification format

reminder

Mike: Just a reminder, I'm resending the email | had sent 8/20/2002 so
that you fill out the forms below for the data waiver request
justification for the following ecological effects studies, if you wish
to request data waivers for the Section 3 registration:

Wildlife mammalian

Estuarine/marine non targets

Aquatic invertebrates (Daphnia)

Aquatic vertebrate (Fish}

Terrestrial non targets (Plants)
You may refer to previous reviews and submissions submitted for these
studies in connection with the EUP as you complete the forms.
Remember to include the reference #s 006456 for the active ingredient
and the EPA Reg. # 71693-R in the transmittal letter subject heading.

Adapt the forms to formalize the data waiver requests for health
effects. In addition to using the reference #s 006456 for the active
ingredient and the EPA Reg. # 71633-R in the transmittal letter subject
heading, Include the petition # 8E500t,

If you have any questions, do not hesitate to email/call me.

Sincerely,

shawn .

Phone; 703-308-8097

Fax: 703-308-7026

----- Forwarded by Shanaz Bacchus/DC/USEPA/US on 11/06/02 04:04 PM

Shanaz Bacchus

To: Mike
08/20/02 1201 Braverman@aesop.rutgers.edu
PM ce:

Subject: Aspergillus eco data

waiver justification format

These DW formats are for ecological effects. Please adapt them for
health effects....and remember, only health effects for temporary
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Attachment #2: OPPTS Docket Verification and Certification Form

U. 8. ENVIRONMENTAL PROTECTION AGENCY

ey

&; OFFICE OF PREVENTION, PESTICIDES, AND TOXIC SUBSTANGES
\Z, (OPPTS)

1200 Pennsylvania Avenue, NW. , Washington, D.C. 20460

DOCKET VER!F!CAT!ONJ’%ND CERTJF!CAT!ON FORM
For Internal OPPTS Use Only

FU Fal i...(.
Title of Action: /}5/;4:;7,; 6 efa Cis f‘}lf.% [;q.n,f}/; 1 #’mvﬁg /'&::-»ufc’nfs;c,/c’){z{
RIN# 2070- | DocketID #: Orf~ 2003 - 0/3% FRL#: '
Contact information: | Name: S oz /ED?:-? ce leect S Phone: 783 325825 7

Legacy Information: |21 %~ 63”1}15 0FFPac0 30020

Program Lead’s Vertification: I have revnewed the docket and verified

the following:
O Al of the documents idenlified in the attached Dockel Index have been submitiad (o the
appropriate Docke! Manager for inclusion in the docket idantified above,
O Documants conlaining copyrighted, CBl or otherwise protected inforrmation have been identified
to allow for “special” precessing by the docket,
0 The matenal has been assembled in 2 Useable form o support the document being published
in the FEDERAL REGISTER.

% Comments’ }w ?ALLFDf"Y !r’ﬂ(:{oc:c,uqm_ {,»

initials: ‘jZfLQ/‘,L;) £ S A

Docket Manager S Venﬁcat;onQnd Sign-off: | hereby confirm the

following: :
0 The Decket [0 # identified above maiches cur records.
O The documents identified in the attached Docket index have been received by the Docket.
The decurnents have been properly processed for inclusion in EPA Dockels, as appropriate.
El/ The documents either atready are in the docket gt are being nrocess for inclusieon in the docket,
Comments; [V C D\J\f‘(’mf*’ S:I:r /j

Phone: /23 -30¢ £577

Date: é/ 8 5 | Sgnature: //7 M Phone:_ ‘7’5’_/ N1

Program Lead’s Certx‘r"catMereby certify that:
T | have completed the venfication above.
" | have submitted o the DM all of The documents Ihat | identified neaded o be updatsd, or
added (o the docket,

0O [ have obtained the BDM's sign-off.
C The docketis compiete and ready for oublic release,
B Comments:  Als o g A .
Date: , 7 /.= Signature; o Phone:
)’. 5 {; T [ - },;._/ o . . et e
“\é{/‘ }/ - ‘f*\ Ai D T PN SO ‘7[5 - X S ;i‘ /

i
e
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tolerance exemption, but Section 3 registration package needs
eco/environmental effects DW request.

Hope this helps.

Sincerely,

Shanaz Bacchus, Chemist

USEPASOPP (Mail Code 7511C)

Biopesticides and Pollution Prevention Division

1200 Pennsylvania Ave., N.W.,

Washington D.C. 20460

Phone: 703-308-8097

Fax: 703-308-7026

----- Forwarded by Shanaz Bacchus/DC/USEPA/US on 09/20/02 11:57 AM -----

Zigfridas

Vaituzis To: Shanaz
Racchus/DC/USEPA/US@EPA

06/20/02 04:56 e

PM Subject: Aspergillus eco data

walver justification format

Shan:

The attached file contains the forrat that shows how the registrants
should justify any ecodata waiver requests.

{See attached file: Waivers-format-2.wpd)

AF38Waivers-format-2.wp
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Mike Braverman To: Shanaz BacchﬁleCiUSEPNUS@EPA
<braverman@AESOP. cc:
RUTGERS.EDU> Subject: RE: old msg/DW forms

03/03/03 02:42 PM

Shanaz

| beleive these were already covered in MRID 4530702, although not in
combination with these forms. The data waivers are attached. Do | need to
send this through front end as an ammended volume of MRID 45307202 and
457391037 .

Please advise.

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Cenfre of New Jersey

881 U.S. Highway 1 South

North Brunswick, New Jersey 08502-3380
Tel (732)832-9575 ext 610

FAX (732)932-8481
braverman@aesop.rutgers.edu

iR-4 Website www.cook.rutgers.edu/~ir4

----- Original Message---~-

From: Bacchus.Shanaz@epamail.epa.gov
[mailto:Bacchus.Shanaz@epamail.epa.gov]
Sent: Thursday, February 27, 2003 7:3¢ PM
To: braverman@AESOP.RUTGERS.EDU
Subject: old msg/DW forms

DW forms again...scroll down to the end of this message.
shawn

----- Forwarded by Shanaz Bacchus/DC/USEPA/US on 02/27/03 02:47 PM -——---

Shanaz Bacchus

To: Mike
11/06/02 04:21 PM Braverman{@aesop.rutgers.edu
cC:

Subject: Aspergillus eco
data

waiver justification format

reminder

Mike: Just @ reminder, I'm resending the email | had sent 8/20/2002 so
that you fill out the forms below for the data waiver request

justification for the following ecological effects studies, if you wish

to request data waivers for the Section 3 registration:
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wildlife mammalian

Estuarine/marine non targets

Aguatic invertebrates (Daphnia)

Aquatic vertebrate (Fish)

Terrestrial non targets (Plants)
You may refer to previous reviews and submissions submitted for these
studies in connection with the EUP as you complete the forms.
Remember to include the reference #s 006456 for the active ingredient
and the EPA Reg. # 71693-R in the transmittal ietter subject heading.

Adapt the forms to formalize the data waiver requests for health
effects. in addition to using the reference #s 006456 for the aclive
ingredient and the EPA Reg. # 71693-R in the transmittal letter subject
heading, inciude the petition # 8E5C01.

If you have any questions, do not hesitate to email/call me,

Sincerely,

shawn

Phone: 703-308-8097

Fax: 703-308-7026

- Forwarded by Shanaz Bacchus/DC/USEFPA/US on 11/06/02 04:04 PM -----

Shanaz Bacchus

To:  Mike
09/20/02 12:01 Braverman@aesop.rutgers.edu
PM ce;

Subject: Aspergilius eco data

waiver justification format

These DW formats are for ecological effects. Please adapt them for
health effects... and remember, only health effects for temporary
tolerance exemption, but Section 3 regisiration package needs
ecofenvironmental effects OW request.

Hope this helps.

Sincerely,.

Shanaz Bacchus, Chemist

USEPA/OPP (Mail Code 7511C)

Biopesticides and Pollution Prevention Civiston

1200 Pennsylvania Ave., N.W.

Washington D.C. 20460

Phone: 703-308-8097

Fax: 703-308-7026

----- Forwarded by Shanaz Bacchus/DC/USEPAMUS on 09/20/02 11:57 AM -----

Zigfridas

Vaituzis ' To:  Shanaz
Bacchus/ODC/USEPA/US@EPA

06/20/02 04:56 ce:

PM Subject: Aspergillus eco data

waiver justification format
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Shan:

The attached fite contains the format that shows how the registrants
should justify any ecodata waiver requests.

{See attached file: Waivers-format-2 wpd)

43




Mike Braverman To: Shanaz Bacchus/DCUSERPAUS@EPA
<braverman@AESOP. ce!
RUTGERS.EDU> Subject: RE: reprinis

03/03/03 08:40 AM

[ left them in your cubicle on your chair on Wed 2/26/03 at about 2:30 PM

Michael Braverman, Ph.D

Biopesticide Coordinator

iR-4 Project, Rutgers University
Technology Centre of New Jersey

681 U.3. Highway 1 South .

North Brunswick, New Jersey 08002-3390
Tel {732)832-8575 ext 610

FAX (732)932-8481
braverman@aesop.rutgers.edu

IR-4 Website www.cook.rutgers.edu/~ir4

----- Criginal Message-----

From: Bacchus.Shanaz@epamail.epa.gov
[mailto:Bacchus.Shanaz@epamail.epa.gov]
Sent: Saturday, March 01, 2003 10:45 AM
To: Mike Braverman

Subject: reprints

Did you bring in the reprints when you were here tast Wed/Thurs? Sorry

| missed you, | was down with stormach flu and worked at home most of the
day on Thurs. If you didn't bring in the reprints, just send them o me

by mail...will provide support for the case when | create the final

docket.

“Thanks

Shanaz Bacchus, Chemist

USERA/ORPP {Mail Code 7511C)

Biopesticides and Pollution Prevention Division
1200 FPennsylvania Ave., N.W,

Washington D.C. 20480

Phone: 703-308-8087

Fax: 703-308-7028
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Mike Braverman To: Shanaz Bacchus/DC/USEPA/US@EPA
<braverman@AESOP, cc:
RUTGERS.EDU> Subject: RE: old msg/DW forms

02/28/03 11:17 AM

Shanaz

Got the format. § already have this done but | noticed a few comments on
that MRID crosswalk sheet that probably need some furher work,

Thanks

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Centre of New Jersey

881 U.S. Highway 1 South

North Brunswick, New Jersey 08902-33%0
Tel {732)932-8575 ext 610

FAX {732)832-8481
braverman@aesop.rutgers.edu

IR-4 Website www.coolk.rutgers.eduf~ir4

- Qriginal Message----- ‘
From: Bacchus.Shanaz@epamail.epa.gov
[mailto;Bacchus. Shanaz@epamail.epa.gov]
Sent: Thursday, February 27, 2003 7:39 PM
To: braverman@AESOP.RUTGERS.EDU
Subject: old msg/DW forms

DW forms again...scroll down to the end of this message.

shawn
-« Forwarded by Shanaz Bacchus/ODC/USEPA/US on 02/27/03 02:47 PM —---

Shanaz Bacchus

To: Mike
11/06/02 04:21 PM Braverman@aesop.rulgers.edy
ce:

Subject: Aspergillus eco
data

waiver justification format

reminder

Mike: Just a reminder, I'm resending the email | had sent 8/20/2002 so
that you fill out the forms below for the data waiver request
justification for the following ecclogical effects studies, if you wish
to request data waivers for the Section 3 registration:
Wildlife mammalian
Estuarine/marine non targels
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Agquatic invertebrates {(Daphnia)
Aquatic vertebrate (Fish}
- Terrestrial non targets (Plants)
You may refer to previous reviews and submissions submitted for these
studies in connection with the EUP as you complete the forms.
Remember te include the reference #s 006458 for the active ingredient
and the EPA Reg. # 71693-R in the transmitta! letter subject heading.

Adapt the forms to formalize the data waiver requests for health
effects. tn addition to using the reference #s 006456 for the active
ingrediént and the EPA Reg. # 71683-R in the transmittal letter subject
heading, include the petition # 8E5001.

if you have any questions, do not hesitate to emaii/call me.
Sincerely,

shawn

Fhone: 703-308-8097

Fax: 703-308-7026

----» Forwarded by Shanaz Bacchus/DC/USEPA/US on 11/06/02 04:04 PM ----- :

Shanaz Bacchus

To: Mike
09/20/02 12:01 Braverman@aesop.rutgers.edy
PM cc

Subject: Aspergiilus eco data

waiver justification format

These DW formats are for ecologica! effects. Please adapt them for
heaith effects....and remember, only health effects for temporary
tolerance exemption, but Section 3 registration package needs
eco/environmental effects DW request.

Hope this helps. :

Sincerely,

Shanaz Bacchus, Chemist

USEPA/OPP (Mail Code 7511C)

Biopesticides and Poilution Frevention Division

1200 Pennsylvania Ave,, N.W.

Washington D.C. 20460

Phone: 703-308-8097

Fax: 703-308-7026

w=e Forwarded by Shanaz Bacchus/DC/USEPAJUS on 09/20/02 11:57 AM -

Zigfridas

Vaituzis To: Shanaz
Bacchus/DC/USEPA/US@EPA

06/20/02 04:56 cc:

PM Subject: Aspergillus eco data

waiver justification format

Shan:
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The attached file contains the format that shows how the registrants
should justify any ecodata waiver requests,

{See attached file: Waivers-format-2.wpd)

47




Mike Braverman To: Shangz Bacchus/DCISEPA/US@ERA
<braverman@AESOP. cc: Peter Colty <picotty@src.ars.usda.gov>
RUTGERS.EDU> Subject: Af36 cotlon forage

06/17/03 10:36 AM

Cear Shanaz

In regard to your question about the use of cotton forage and AF36, most
cotton is defoliated so cotton forage would be an extremely minor feed item.
Cotton leaves and stems would be left in the field and any cleaned cut in
the ginning process would also be dumped back onto the field. Any other
remaining vegetation would be plowed under. Plowing under of all cotton
plant debris is manditory under the boll weevil eradication program. [n
addition, cotton forage would not influence dietary exposure for the
following reasons:

1) There would be no secondary transfer of the organism AF36 into milk and
milk. -

2) Mamalian acute oral studies did not indicate any adverse effects and the
clearence of AF36 occured in both rats and birds.

3} AF36 is already naturally occuring in soils producing cotton, corn, and
wheat s0 a cow eating any feed that has had any exposure with soil is
already consuming AF36.

4} AF36 only changes the composition of the A. flavus population in soit and
subsequently plant debris by decreasing A. flavus straing that produce
aflatoxin. It does not significatly increase the total Aspergillus

population

5) AF36 is applied as a granule so it is not sprayed onte cotten foliage.

Please let me know if there are any other questions.
Thanks

Michae! Braverman, Ph.D
Biopesticide Coordinator
IR-4 Project, Rutgers University
Technology Centre of New Jersey

681 U.S. Highway 1 South
North Brunswick, New Jersey 08902-3390
Tel (732)832-8575 ext 610
FAX (732)932-8481
braverman@aesop.rutgers.edu
IR-4 Website www.cook rutgers.edu/~ird -
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Mike Braverman To: Shanaz Bacchus/DC/USEPA/US@EPA
<braverman@AESOP. cc: Peter Colty <pjcotty@srrc.ars.usda.gov>
RUTGERS.EDU> Subject: At EPA 6/18/03

06/17/03 08:56 AM

Shanaz

| will be in meetings with Registration Division in room 315, Crystal Mail 2

on Wed June t8 from 8:30 to 4:30. { will be meeting with Teresa Downs on
another submission at 10-11 AM . if we need to meet to discuss anything {or
witness the signing?} about AF36 please let me know or come see me. | can
leave the meeting if needed. | will only be here until 14:00 today.

Michaet Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers Universily
Technology Centre of New Jersey

681 U.S. Highway 1 South

North Brunswick, New Jersey 08802.3390
Tel (732)932-9575 ext 610

FAX (732)932-8481
braverman@aesop.rutgers.edu

IR-4 Website www.cook.rutgers.edu/~ird
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*Personal privacy information*

Mike Braverman To: Peter Coflty <pjcotty@srmrc.ars.usda.gov>, Shanaz
<braverman@AESQOP, Bacchus/DC/USEPAUSEEPA

RUTGERS.EDU> o ,
Subject: RE: AF36/cotionseed mealicotionseed ol
06/16/03 09:51 AM

Shanaz

In relation to questions A and B below...

A, See MRID 43763403 page 624 which Is from a journal article: Inftuence of
Fietd Application of an atoxigenic strain of A. flavus on the populations of
A. flavus infecling colton bolls and on the aflatoxin content of coltonseed.

There is no change in the total population of A, flavus compare 1o the
control due to treatment with AF36 only the composition . (n addition direct
feeding in mamalian acute oral studies showed no adverse affect,

Furthermore, the fungus is Kitled during oil extraction with organic solvent
such as hexane, the leftover part is the coltonsead meal

B. This is what constitutes efficacy. There is no increase in aflatoxin due
to ireatment with AF36, there is a decrease. See the same article cited
above, Aflatoxin is not oil scluble and thats why it stays with the meal,

Michael Braverman, Pn.D

Biopesticide Coordinalor

IR-4 Prolect, Rutgers University
Technology Centre of New Jersey

B81 U.S. Highway 1 South

North Brunswick; New Jersey 08902-3380
Tel {732)932-9575ex1 610

FAX (732)932-8481
braverman@aesop.rutgers.edu

IR-4 Websile www.cook.rutgers.edu/~ird

-~--riginal Message-----

From: Bacchus. Shanaz@epamail.epa.gov
[maitlo:Bacchus.Shanaz@@epamail.epa.gov]

Sent: Sunday, June 15, 2003 12:16 PM

To: Mike Braverman

Subject: RE: AF3B/cotionseed meal/cottonsead oil

Please bear with me, because | have not looked at the data submissions
and I'm looking for hard date which may be already available.

Does Peter have any data to show that:

a. AF36, the fungus (hyphae, mycelia, conidia, etc.,} is not found in
cottonseed meal and cottonseed oil? Or i (here are data o show that
Aspergillus is normally found in Ihese food commaodities, do they show
that the levels of Aspergillus found in the conirols are not any greater
ihan those treated?

b. aflatoxin levels in these food commuodities (cottonseed meal and
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*Personal privacy information*®

cottoenseed oil}do not change above background aflatoxin levels as a
result of treatment with AF367

I am preparing the fina! documents for Janel to send up to Jim Jones for
signature, (tmay a tight call to give you fina! word from JJones on

Wed. since | plan on putting the whole package on Janet's desk on Tues
am., However, this week is it. As you can see, I'm working on it

today, Sunday, proofing, editing, finalizing. You will get a chance to

look atthe BRAD before it aoes on the Web.
Flease call me at hom_ﬂhere I'lt be working on Monday

morning.

Thanks for your patience and for answering all these nagging guestions,
Sincerely, '

Shanaz Bacchus, Chemist/RAL

BRPD/OPP
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*Personal privacy information*

Mike Braverman To: = EPAIUS@ERA
<braverman@AESQOP, cc
RUTGERS.EDU> Subject: RE: AF386

D6/13/03 10:52 AM

Shanaz

| pasted Peters previous message below which were the pounds of formulated material.
The label siaies that the formulation contains 0.0008% a.i. so 1 took the numbers
below and mutiplied them by 0.000008 to get the pounds of a.i.

Year Pounds Al

1996 0.00896

1967 0.03704

1898 0.0398

1989 0.8449

2000 1.3601

2001 1.5056
2002 1.5039
2003 1.6

TOTAL 6.99

Following is requested data (as near as | can figure):
Year Amount Usad

1996 1,126_00

1997 4,635.00

1998 4,980.00

1999 108,624 .00

2000 170,009.00
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2001 199,454,00
2002 187,992.00
2003 200,000.00 Projected

1996 to 2003 §73,809.00 Total

Michael Braverman, Ph.D

Biopesticide Coordinator

iR-4 Project, Rutgers University
Technology Cenire of New Jersey

681 U.S. Highway t South

North Brunswick, New Jersey 08902-3390
Tel {732)932-9575 ext 610

FAX {732)932-8481
braverman@aesop.rutgers.edu

IR-4 Website www.cook rutgers.edu/~ird

----- Original Messagge»«--

From: Bacchus,Shanaz@epamail.epa.gov [maiito:Bacchus.Shanaz@epamail.epa.gov]
Sent: Thursday, June 12, 2003 5:10 PM

Ta: Mike Braverman

Subject: Re: AF36

| am sincerely hoping that by June 18 | can hand you a registered label, .
registration notice, etc. Did you and Peter ever check the # Ibs active ingredient
used for the experimental years? Is that ~ 0.01 b aifacre = 10 Ib EP? another
way of saying this is: Does the estimate of the Ibs &P used during the EUP =
8738.09 Ib and does Peter have to manufacture 2000 Ib ai for 20037

So there's a way you can help me now (smile} and please reply ASAP (within the
next 24 hrs or less).

Thanks.
Sincerely,

Shanaz Bacchus, Chemist

USEPA/OPP (Mail Code 7511C)

Biopesticides and Pollution Prevention Division
1200 Pennsylvania Ave., N.W.

Washington D.C. 20460

Phone: 703-308-8087

Fax: 703-308-7026
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Mike Braverman <braverman@AESOP.RUTGERS.EDU>
06/12/2003 03:34 PM AST

To: Shanaz Bacchus/DCASEPAUS@EPA
ce!

hee:

Subject: AF36

Shanaz

| noticed the FR notice on the A. flavus for peanut. How is it looking for
AF36. | will be at EPA on June 18th if that helps anything.

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Centre of New Jersey

681 U.S. Highway 1 South

North Brunswick, New Jersey 08902-3390
Tel (732)932-9575 ext 610

FAX (732)232-8481
braverman@aesop.rutgers.edu

IR-4 Website www.cook.rutgers.edu/~ird
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Mike Braverman To: Shanaz Bacchus/DC/USEPAMUS@EPA
<braverman@AESOP, cel
RUTGERS.EDU> Subject: AF36

06/12103 03:34 PM

Shanaz

I noticed the FR notice on the A. flavus for peanut. How is it looking for
AF38, | will be at EPA on June 18th if that helps anything.

Michaal Braverman, Ph.D

Biopesticide Coordinator

1R-4 Project, Rutgers University
Technology Centre of New Jersey

681 LS, Highway 1 South

North Brunswick, New Jersey 08902-3380
Tel {732)932-9575 ext 510

FAX (732)932-8481
braverman@aesop.rutgers.edu

{R-4 Website www.cook.rutgers.edu/~ird
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Mike Braverman Ta: Shanaz Bacchus/DC/USERPA/US@EPA, Shanaz Bacchus |
<braverman@AESOP.
RUTGERS.EQU> cc: Peter Colly <pjcolly@srrc.ars.usda gov> ‘

Subjecl: RE: AF3G/ast taps
06/09/03 08:12 AM

Shanaz

These are the numbers | received from Peter

Following 1s requestad dala {as near as | can ﬁgﬁre}:
Year Amount Used

1996 1,120.00

1987 4,630.00

1968 4,980.00

19588 105,624.00

2000 170,008.00

2001 199,454,060

2002 187,992.00

2003 200,000.00 Projected *

1996 to 2003 873,809.00 Tetal
Looking forward to the BRAD

Michaei Braverman, Ph.D

Biapesticide Coordinator

IR-4 Project, Rutgers Universily
Technelogy Centre of New Jersay

681 U.S. Highway 1 South

North Brunswick, New Jersey 08902-3380
Tel (732)932-9575 ex1610

FAX (732)932-8481
braverman@aesop.rulgers.edu

IR+4 Websile www.cook.rutgers.eduf~ird

----- Qriginal Message---=

From: Shanaz Bacchus

Sent: Friday, June 5, 2002 811 AM
To: Mike Braverman

56




Subject: AF36/last laps

| hate to be asking questions at the 8th minute, but do you have any estimate of how many
nounds of AF36 were used during the EUJP?

I'm deing the final edits on the documents and plan to have them on Janet's desk on Tuesday.
From there it's a breeze to Jim Jones, because the team has already concurred. | am now
answering lawyer guestions...which prompts the question above.

I'm compressed today, but will work on AF36 some of today and on Sunday (o get it out as per
schedule sbove.,

These are the parts of a package we send up to Janet and Jim Jones:

t. BRAD '

2. FR final rule including docket sign-off

3, Fact Sheet

4, Label

5. Your commitment letter

. Janet signs the Registration Nolice after Jim Jones signs off on 1 and 2 above and we stamp the
label, which officially registers the pesticide and enables your tolerance exemption. | witl
immediately infarm you by phone and fax when JJ signs off. | will also send you the BRAD
electronically for CBI clearance and putting on the web....s0 it's got to be perfect.

{xoes this help? Have 3 great weekend...
shawn
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*Personal privacy information”

Mike Braverman To: Shanaz Bacchus
<braverman@AESOR. Bacchus/DC/USEPA/US@ERA
RUTGERS.EDU> _ ct: Peter Cotly <pjcotty@srrc.ars.usda.gov>

_ Subject: RE: NPDES statement/iabel
06/02/03 09:11 AM

Shanaz

A lot of this statement seemns redundant, but | beleive all the changes you
requested arein the label attached,

Thanks.

Michaet Braverman, Ph.D

Bicpesticide Coordinator

IR-4 Project, Rutgers University
Technology Centre of New Jersey

881 U.S. Highway 1 Scuth

North Brunswick, New Jersey 08802-3380
Tet {(732)932-9575 axt 610

FAX {732)932-8481
braverman@assop.rutgers.edu

IR-4 Website www.cook.rulgers.edu/~ird

----- Original Message----

From: shanaz Secchus [ GG
Senl: Sunday, June 01, 2003 10:08 PM

To: Mike Braverman; Bacchus.Shansz@epamail.epa.gov
Cea: Peter Cotty

Subject: NPDES statement/label

Mike, this staterment ought t¢ be on the label under Environmental Hazards
stalements. I's for manufacturing use products and called the NPBES
stalement, Inthis case, AF38 is both the MUP and the EP. We alt missed
this...I noticed it as I'm finalizing the BRAD. o
| also noliced that there is a redundant spray drift statement; 113 above

the Ag Use directions box and 1 under Environmental Hazard statement. Can
you merge hese over the Ag Use Box?

"Do not discharge effluent containing this product into lakes, strezams,
ponds, estuaries, nceans or other waters unless in accordance with the
requirements of 2 Nationat Pollutant Discharge Elimination System {NPDES)
permil and the permitting authority has been notified in writing prior to
discharge. Do not discharge effluent containing this product to sewer
systems without previously notifying the local sewage treatment plant
authority. For guidance contact your State Water Board or Regional Office
of the EFA”

Looks like you'll have to remove some of the white spaces, and maybe use the
Arial narrow font some more,
Shawn '

- Original Message -----

Shanaz
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*Personal privacy information*

From; "Mike Braverman® <braverman@AESOP RUTGERS EDU>
To: <Bacchus.Shanazi@epamail.epa.gov>

Cc: "Shanaz Bacchus” || NG -:tc Cotty”
<pjcotty@sric.ars.usda.gov>

Sent: Wednesday, May 28, 2003 3:05 PM

Subject: RE: AF36 Label/arial font

> Shanaz

>

> The label looks fine. Please send me the BRAD for CBI review when
available.

>

> Thanks

>

> Michael Braverman, Ph.D

= Biopesticide Coordinator

> IR-4 Project, Rutgers University

= Technology Centre of New Jersey

> B881 U.S. Highway 1 South

> North Brunswick, New Jersey {8802-3380
>Tel (732)932-9575ext 610

> FAX (732)832-8481

> braverman@aesop rulgers.edu

> |R-4 Website www.cook.rutgers.edul~ird

> From: Bacchus.Sheanaz@epamail.epa.gov

> [mailto:Bacchus.Shanaz@epamail.epa.gov]

> Sent; Wednesday, May 28, 2003 1:18 PM

> To: Mike Braverman

> Ce: Shanaz Bacchus; Peter Cotty

> Subjecl: RE: AF36 Labei/arial font

>

>

>

> {t printed out well. | dropped the R, in order to get it ready for

> stamping, where we'll just put the 1 in, There was a dupicate "of" ,
>which | deieted, in the Ag use box. Also, in that box, | changed the
> MSHA/NIOSH prefixes tofit in wilh the order of the abbreviations, i.e.
>MSHA TC 21 C before the N-25, |n the label | added some commas, where
> appropriate {gives you time to take a breath whils reading.....)..hate
> to be so nit picking. ..but it's now near perfection (smile)...

> Now please iook at it and let me know that this is the label you want
> stamped....put my initials near yours.

> (See attached file: AF362pageCotty may28mbsb 2003narrow.doc)
> For the other parts of the package:

> 1. | am proofing the BRAD. As soon as it's signed, I'll send it to you
> electronicaiiy. so that you can read it and certify that there is no CBI
>in it...then we'll publish it on the internet.

> 2. The FR office should be sending the typeset final rule soon....and
> it's getting ready to go up the chain......

> {t does take a while to pull all pieces together...| had really expected
> to get it finzl by now, but some delays were not within BPPD's

> control.. wa do deal with different offices apart from OFP._ Neither

> Phil nor | could have made things go any faster.
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>

> Thanks for the quick turnaround.

> Sincerely,

> Shanaz Bacchus, Chemist

> USEPA/OPP (Mail Code 7511C}

> Biopesticides and Pollution Prevention Division
> 1200 Pennsyivania Ave., N.W.

> Washington D.C. 20480

> Phone: 703-308-8097

> Fax: 703-308-7026

=3

AF362pageCottyJune2mb2003narrow.
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Mike Braverman To: Shanaz Bacchus
<braverman@AESOP, cc: Shanaz Bacchus

RUTGERS.EDU> <picotty@@srrc.ars.usda.gov=
Subject: RE: ATCC #/Trade mark?
(5/29/03 09:48 AM

Shanaz

The ATCC# is 96045,

There is no trademark,

Michael Braverman, Ph D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Centre of New Jersey

681 U.S. Highway 1 South

North Brunswick, New Jersey 08802-3380
Tel {732)932-9576 ext 610

FAX {732)832-8481
braverman@aesop.ruigers.edu

IR-4 Website www.cook.rutgers.edu/~ir4

-----Original Message-----

From: Bacchus. Shanaz@epamail epa.gov
[mailto:Bacchus.Shanaz@epamail.epa.gov)
Sent: Thursday, May 28, 2003 8:44 AM

To: Mike Braverman

Cc: Shanaz Bacchus; Peter Cotty

Subject: ATCC #/Trade mark?

1. More nit picking...what is the ATCC # for AF367
2. 1s AF36 atrade mark? If so, it's not ob the label as such,, or
anywhere else. Do advise.

Thanks.

Shanaz Bacchus, Chemist

USEPAOPP {Mail Code 7511C)

Biopesticides and Polution Prevention Division
1200 Pennsylvania Ave., NW,

Washington D.C. 20480

Phone; 703-308-8097

Fax; 703-308-7026

/DCIUSEPA/USEEPA
Feter Cotty
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*Personal privacy information*

Mike Braverman To: Shanaz Bacchus/] 5
<bravermar@AESOP. cc: Shanaz Bacchus ater Cotty
RUTGERS.EDU> <pjcotty@smc.ars.usda. gov>

Subject: RE: AF3G Labelarial font

D5/28/03 0305 PM

Shanaz

The label laoks fine. Please send me the BRAD for CB! review when available,
Thanks

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Centre of New Jersey

681 U.5. Highway f South

North Brunswick, New Jersey 08802-3300
Tel {732)932-9575 ext 610

FAX (732)032.8481
bravermanDaesop.rutgers.edu

iR-4 Website www.cooK rutgers.edu/~ird

—---Criginal Massage-—---

From: Bacchus.Shanaz@epamail epa.gov
(mailto:Bacchus.Shanazi@epamail.epa.gov]
Sent: Wednesday, May 28, 2003 1:18 PM
To; Mike Braverman

Cc¢; Shanaz Becchus; Peter Colty

Subject: RE: AF386 Labelfarial font

It printed out well. | dropped the R, in order to get it ready for
stamping, where we'll just put the 1 in. There was a duplicate "of",
which | deleted, in the Ag use box. Also, in that box, | changed the
MSHA/NIOSH prefixes to fit in with the order of the abbreviations, i.e,
MSHA TC 21 C hefore the N-85. In the label | added some commas, where
appropriate (gives you time to take a breath while reading.....}...hate
to be so nit picking...but it's now near perfection (smile]...

Now please look at it and let me know that this is the label you want
stamped....put my initizls near yours.

{See attached file: AF362pageCotly may28mibsh 2003narrow.doc)
For the other parls of the packzage:

1. | am proofing the BRAD. As soon as it's signed, Il send it to you
glectronically, sothat you can read it and certfy thal there is no CBI
in it...then we'll publish it on the internet.

2. The FR office should be sending the typeset final rule soon....and
it's getting ready to go up the chain......

It does take a while to pull al pieces together...] had really expected
to getit final by now, but some delays were not within BPPD's
control...we do deal with different offices apart from OPP...Netther
Phil nor | could have made things go any faster.

Thanks for the quick turnaro{jnd.
Sincerely,




Shanaz Bacchus, Chemist

USEPA/OPP {Mail Code 7511C)

Biopesticides and Pollution Prevention Division
1200 Pennsylvania Ave.,, NW.

Washington D.C. 20460

Phone: 703-308-8097

Fax: 703-308-7028




*Personal privacy information”

Mike Braverman To: Shanaz Bacchu—

<braverman@AESOP, cc: Peter Cotly <pjcotty@srrc.ars.usda.gov>, Shanaz
RUTGERS.EDU> Bacchus/DC/USEPAUS@EPA

Subject; RE: AF36 Label/arial font
05/28/03 10:24 AM

Shanaz

Here it is with a narrow font. From what | remember you had trouble viewing
or printing this at work. The content is not changed, just the fonl. | have

not changed the font on the critical size words such as caution or hazard
stalement.

Hone this helps with the margins
Thanks

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Techrology Centre of New Jersey

681 U.S. Highway 1 South

North Brunswick, New Jersey 08902-3380
Tel (732)332-9575 ext 610

FAX {732)932-8481
bravermang@aesop.rutgers.edu

IR-4 Website www.cook.rutgers.edu/-ird

----- Original Message--

From: Shanaz BacchuF
Sent: Tuesday, May 27, 4:4 A

To: Mike Braverman

Cc: Peter Cotty; Shanaz Bacchus
Subject: Re: AF36 Label/arial font

| forgot to add, did you try using arial narrow font for everything to fit
and give you some margins?

shawn

----- Criginal Message ----

From: "Mike Braverman" <braverman@AESOF’ RUTGERS.EDU>
To: "Shanaz Bacchus"

Cc: "Peter Colly" <picolty@srrc.ars.usda.gov>; "Shanaz Bacchus®
<Bacchus.Shanaz@epamail epa.gov>

Sent: Tuesday. May 27, 2003 2:58 P4

Subject: RE: AF38 Label

> Shanaz
>

> | have included all the changes you requested. The only addilional change
|

> made was to spell out the word-Worker Profection Standard on the first
page.

>

> Let me know if there is anything else that needs attention.
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*Personal privacy information*

>

> Thanks

o

> Michael Braverman, Ph.D

> Biopesticide Coordinator

> tR-4 Project, Rulgers University

> Tachnology Centre of New Jjersey

> 881 U.8. Highway 1 South

> North Brunswick, New Jersey 08902-3390
>Tel (732)832-8575 ext 610

> FAX (732)932-8481

> braverman@azesop.rulgers.edu

> |R-4 Website www.cook rutgers.edu/~ird

P oeemen Original Message--

> From: Shanaz Bacchu

> Sent; Saturday, May 24, 2003 12:13 PM

> To: Mike Braverman

> C¢: Shanaz Bacchus

> Subiect: Re: AF36 Label

>

>

> Altached is a version | inserled the following in Word:

> 1. 2nd line first page: When applied "to cotton".

> 2. "Other ingredient:” near wheat seeds in ingredient statement.

> 3. tgdid notinclude this, please do: in "See additional.... stalements”

= below add “on other panel" because Environmental Hazards appear on 2nd
age.

E4ga. Over WPS box, please alt the language from the page t had given you.

> If you have misplaced it, look at the Label Review manual for the

> instructions for that box or emzil me. Check 4o cfr 156.206(a).

> db, tmoved the mixerloader statement into Mazards to humans seclion.

> Check 40 CFR 156.212(3)(¢). In moving arountd some of the items, | may

have

> messed up the boxes, so please check them against your last 2-page Colty

> varsion. Do not repeat the statement in the "Directions for ifse”.

> 5. Under "Ground Application™ 1. Apply Asper......... with a

> cultivator.....” angd "DO NOT COVER AF36 COLONIZED WHEAT SEEDS WITH SOIL".

> 6. Remove the statement "Spray drift.,..to End-use Product”,

-

> If any questions, do email me.

> Sorry about atl these mulliple revisicns . just have to deal with alt

» parties’ commenls,

> Have a great Memorial Day weekend, Tl be in the office on Tues, al

> meetings 10 a.m.-12noon.

> Sincerely

> Shanaz Bacchus

> 7(3-308-8087

>
b Criginal Message -----
> From: "Mike Bravermar' < 2 GERS.EDU>

> To: "Shanaz Bacchus™

> Cc: "Shanaz Bacchus” <Bacchus Shanaz@epamail.epa.gov>
> Sent: Monday, May 18, 2003 143 PM

> Subject: RE: AF36 Label

>
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*Personal privacy information*

e
> > Shanaz

> >

> > With help from Petar the label has been reduced to 2 pages without
> deleting

> > any gortion. This will make it easier (o fit cn the bag.

> >

> > | didn't follow what you were saying about wheat so | didn't change
> > anything related to that. If its still not right, please change in the

> text

> »s50/] can see it.

> =

> > { increased the font size of the Caution statement o 18 and the Keep
out

> of

> > reach statement to gize 12,

> >

> > The second place that had the word CAUTION is now incorporated into the
> > gection of the precautionary statement.

> >

> > Hope this works.

> >

>

>

> = . .

> = Michael Braverman, Ph.D

> = Biopesticide Coordinator

> > IR-4 Project, Ruigers University

> > Technology Centre of New Jersey

> » 681 U.S, Highway 1 South

> = North Brunswick, New Jersey 08%02-3380

> > Tel (732)832-9575 ext610

> = FAX (732)232-8481

> » braverman@aesop.rutgers edu

> > |R-4 Website www.cook rutgers.edu/~ird

> >

> = ~-—--0Original Message -

> > From: Shanaz Bacchum

» » Sent: Sunday, May 18, :

> = To: Mike Braverman

> > Subject: Re: AF36 Label

=

> >

> = Mike, after looking at the label, | observed that the name Aspergillus

> > flavus is misrepresented when caps are used {the specias name "flavus”
> uses

> > joweer case. Accordingly, | changed it and italicized the name. Some

> minor '

> = changes were also made in the text, such as “colonized"” wheat seeds

> {please

> > ¢check if the word "wheat" as inciuded) in order to clasify it is the A.

> = ftavus AF38 colonized whest seeds. Also inlcuded goggles, since grimary
> eye

» = irritation study was waived. If later you wish to remove goggles,

provide

> > data or information to do so. In the registration nofice, you will be
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*Personal privacy information*

> asked

> > to change the -R o 1. | will communicate when you have to do this.
> Please

= > ¢check the label and let me know if you concur wilh the changes mentioned
= > above.

> > Thanks

>

>

» > - Original Message -----

> > From; "Mike Bravermin“ <iiiiiirninﬁAESOP.RUTGERS.EDU>
> > To; "Shanaz Bacchu

> > Sent: Friday, May 18, 2003 3:.43 P

> > Subject: RE: AF36 Label

»>

»>

> > > Have a nice weekend!

-

> > > Michael Braverman, Ph.D

> > » Biopesticide Coordinator

> > > |R-4 Project, Rutgers University

» > > Technology Centre of New Jersey .

» > > 681 U.S. Highway 1 South

> > > North Brunswick, New Jersey 08802-3390
>> > Tel (732)932-9575 ext 610

> > > FAX {732)932-8481

> > > braverman@aesop.rutgers. ecu

> > > |R-4 Website www.cook.rutlgers.edu/~ird

i

= > > ——-Original Message =

> > > From: Shanaz BecchusF
> > > Sent: Friday, May 18, 2 :

> > > To: Mike Bravermnan

>> > Subject: Re; AF36 Label

>

e = B

> > > Worked like a charm,

> > > thanks,

> > > shawn

» > > ----- Qriginal Message --—---

= > > From: "Mike Braverman" <braverman@AESOP.RUTGERS.EDU> -
> > > To: <Bacchus.Shanaz@epamall.epa.gov>;
> = > Sent: Friday, May t6, 2003 2:36 PM

> > > Subject: RE: AF36 Label

b B

> D

> > > > Shanaz

>

= > > > | hope this attachment works. ...

bl B - J

>

> > 7 > Michael Braverman, Ph.D

> > > > Biopesticide Coordinator

== > > |R-4 Project, Rulgers University

== > > Tachnology Centire of New Jersey

>> > >B681 U.S Highway 1 Souih

> > > = North Brunswick, New Jersey 08802-3380
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>>>> Tel (732)932-9575 ext 6§10

>>> > FAX (732)032-8481

> > > > braverman@aesop.rutgers.edu

> > > > IR-4 Website waw.cook.ruigers edu/~ird

>>>>

> > > > ..-Original Message-----

> > > > From: Bacchus.Shanaz@epamail.epa.gov

> > > > [mailto:Bacchus.Shanaz@epamail epa.gov]

> > > > Sent. Friday, May 16, 2003 1:24 PM

> > 2> > TJo.Mike Braverman

=z CG_Bacchus.Shanaz@epamail.epa‘gov; Peter
Cotty;

> »» » Phil Hutton

> » > > Subject: Label

>»2 >

ER

e -2

> > > > Mike, thanks for the label. ! opened in Word.

> >> > 1. The reentry statement was missing in the WPS box,

> >> > 2 lincuded a statement near the aerial application to show that
no

> > > > spray drift is expected, so thal no one asks for spray drift

> staterments.

> > > > Please align the statements under the Direclions for use and the
> Active

> > > > ingredient stalement.

>>> >3 Inthe Furrow irigation stalemert: Furrow irrigating......will

> > > > provide....include "will” or the verb.

2222

> > > > Proof and send in 5 fina! copies, i.e. the cnes you would like

> stamped,

> > > > by FERCEX, as we discussed on the phone this morning. | really wish
> the :

> > > > emailed one would work but our printers don'l ever seem to do well
2 with

> > > > your Word documents either at work or home,

b3 - -

» » > > Thanks,

2>

2> > > > shawn

D>

2>>0>

> >

=5

AF362pageCotty may28mb 2003narrow.



*Personal privacy information*

RUTGERS.EDU> Bacchus/DCIUSERPA/US@EPA
Subject: RE: AF36 commitment letter
05/28/03 08:03 AM

Shanaz

{ understood that Larry had faxed it on Friday, and also sent it Fedex but |
have asked him {¢ refax just to be sure.

FY} the outline draft of the letter that { asked Larry to put on his
letterhead is attached. | assume the letter he sent was identical or very
similar. ' '

Please let us know if you receive his fax.

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Centre of New Jersey

681 U.S. Highway 1 South

MNorth Brunswick, New Jersey 08902-3390
Tel (732)932-9575 ext 610

- FAX {732)932-8481
braverman@aesop.rutgers.edu

IR-4 Website www conlk.ruigers edu/~ir4

----- Criginal Message--
From; Shanaz Bacchu
Sent: Tuesday, May 27, 2003 8:47 PM
Ta: Mike Braverman

Cc: Peter Colty; Shanaz Bacchus
Subject: Re: AF38 commitment latter

Have you sent itin yei? | need te provide the commitment letler with the
package for Office Director signature, if not, please have Lamry faxme a
copy ASAP. I you have already sent it, then do ignore this message.
Thanks,

shawn

AF36conditionalbennis Szuhay.r

Mike Braverman To: Shanaz Bacchus
<braverman{@AESCP. cc: Peter Cotty <pjcolty@sime.ars.usda gov>, Shanaz
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aggregate exposure to Aspergilius flavus AF38.

2. infants and children. Based on the tack of toxicity and natural
occurrence, there is reasonahie certainty that no harm to infants,
chitdren, or adults wilt result from aggregate exposure {0 Aspergilivs
flavus AF30. Exempting Aspergittus flavus AF36 from the requirement of
a tolerance should posa no significant risk to humans or the
gnvironment.

G, Effects on the immune and Endocrine Systems

Aspergitius fltavus AF36 is a naturally occurring organism, which
does not produce aflatoxin, and is thus safer than the Aspergitus
flavus isolates that produce aftatoxin. To date there is no evidence to
suggest that Aspergilliss flavus AF36 functions in a manner similar to
any known hormone, or that it acls as an endocrine disrupter.

H. Efficacy

Existence of aflatoxins in the environment is a public health
hazard, Data were submitted 1o demoenstrate that proper use of
Aspergiius flavus AF38 results in reductions iy the average aflatoxin
progucing potential of fungi resident in treated areas and in
reductions int the quantily of atlatoxins in crops. In field tests prior
to 1998, the aflatoxin content of coltonseed was shown to be inversely
refated to the proporiion of the Aspergilius flavus community on the
crop composed of Aspergiitus flaves AF36. Detated analyses of the
aflatoxin content of commaercial fields from 1996 through 1998 confirmed
that recduced afiatoxin levels were associated with displacement of
aftatoxin producers by Aspergiiius flavus AF36 from treated crops and
that treatments were associated with up to 90% reductions in crop
aftatoxin content.

Efficacy of applications of Aspergttius flavus AF38 in displacing
affatoxin preducers was demonstrated for fungal communities both on
cottonseed from treated crops at harvest and in soiis of treated fields
1 yaar after treatment. This included cotton crops treated in 1986 {112
acres freated), 1997 (463 acres treated), 1898 (499 acres), 1999
{10,488 acres), 2000 (16,725 acres}, and 2001 {19,875 acres freated).
The proportion of Aspergiifus flavus communities composed of
Aspergiius flavus AF36 indicates the extent to which aflatoxin
producers were displaced. In 1986 average incidence of AF36 on treated
crops was 88.5% and in the soll, 1 year after treatment, meidence of
AF36 was 85.2%. Incidences of AF36 on treated crops were 78% and 67% in
1897 and 1998, respectively, and in soit 1 year afler treatment, AF36
incidences were 72% and 77 %, respectively. Successful displacement was
also observad as the screage treated rapidly expanded from 1988 to 2001
with average incidences of AF386 on treated erops ranging from 57% in
1999 to 66% in 2001,

Aftatoxin-prociucing S strain isolates of Aspergilius flavus are
prominent in solts of cotton producing areas of Arizona and south
Texas. They produce more afiatoxins than other Aspergilivs flavus
isolates such as the non-aftatoxin-producing L strain Aspergiius
flavus AF36. Applications of AF38 during the experimental program were
effective at displacing the high aflatoxin producing $ strain of
Aspergillus flavus, During the course of the experimeanial use program,
Aspergilius flavus AF36 atso caused long-term reductions in the
aftatoxin producing potential of fungal communities in agricultural
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fields. Aspergitius ftavus AFJ6 retained atoxigenicity (failure to
produce aflatoxins} upon repeated reisolation from treated fields 1, 2,
or 3 years after treatment. Thus, there was a long-term reduction in
the potential of fungal communities to produce aflatoxins in treated
areas. The average aftatoxin producing potential of Aspergillus flavus
communities resident in soils of treated fields was reduced on average
73% 1 year after treatment over the 3 year period {1996 to 1998} S
strain isolates, which produced very high leveis of aflatoxins, with

field averages ranging from 7,100 ppb, aflatoxin to 22,700 ppb,
aflatoxin, were effectively displaced. Their incidence was reduced from
initially comgposing 468% of Aspergilius flavus soil communities to
composing on average of 11%.

t. Existing Tolerances

The registrant’is not aware of any existing tolerances or tolerance
exemnptions for Aspergillus fiavus AF36, other than the temporary
tolerance exemption on-cotton {40 CFR 18C.1206} in conjunction with an
EUP, which expires on December 30, 2004.

J. International Tolerances

There are no Codex maximum residue tevets established for residues
of Aspergitius flavus AF36. Aspergillus flavus AF36 containing products
are presently not registered for pest controf outside of the United
States.

(FR Doc. 03-3696 Filed 2-13-03; 8:45 am]
BILLING CODE 6560-50-S

You are currently subscribed to epa-pest as: BRAVERMAN@AESOP.RUTGERS.EDU

To unsubscribe, send a biank emall to leave-epa-pest-48172G@lists.epa.gov

OR:
Use the listserver's web interface at https:/flists.epa.govicgi-bin/lyris.pl

to manage your
subscription,

For probtems with this list, contact epa-pest-Owner@lists.epa.gov
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Mike Braverman To. Shanaz Bacchus/DC/USERPANLIS@ERA
<hraverman@AESOP, cee
RUTGERS.EDU> Subject: RE:Cotton/Lygus

02/13/03 02:11 PM

Shanaz

By “interest” do you mean involvement in developing the technology, or do
you mean support of the concept.

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Ruigers University
Technology Centre of New Jersey

681 U.S. Highway 1 South

North Brunswick, New Jersey 08902-3380
Tel (732)932.9575 ext 610

FAX (732)932-8481
braverman@aesop.rulgers.edu

IR-4 Website www.cook.rutgers.edu/~ird

-----Original Message-----

From; Bacchus.Shanaz@epamail.epa.gov
[mailto:Bacchus . Shanaz@epamail.epa.govi

Sent; Thursday, February 13, 2003 11:56 AM

To: Mike Braverman

Cc: Jamerson, Hoyt@epamail.epa.gov; kunkel@AESOP.RUTGERS.EDU;
Forrest.Robert@epamail.epa.gov, Jackson. Sidney@epamail.epa.gov
Subject: RE: Follow Up Issues to Alfalfa Growers Group Meeting/pest

Mike, do you know if there is any ARS interest in a transgenic colton
for control of lygus bugs?

Shanaz Bacchus, Chemist

USEPA/OPP {Mail Code 7511C)

Biopesticides and Pollution Prevention Division
1200 Pennsylvania Ave., NW,

Washington D.C. 20480

Phone; 703-308-8087

Fax: 703-308-7028

Mike Braverman
<braverman@AESOP.R To: Sidney
UTGERS.EDU> Jackson/DC/USEPA/US@EPA,
kunkel@AESOP.RUTGERS.EDU
02/12/03 02:00 PM ce: Shanaz
Bacchus/DC/USEPA/US@EPA,
Hoyt
Jamerson/DC/USEPA/US@EPA,
Rober
Forrest/DC/USEPA/US@EPA
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Subject: RE; Follow Up
Issues to

Alfatfa Growers Group
Meeting

Sidney

Sorry | sent a blank before. My computer got ahead of me.

Since there was interest in Prohexadione-calcium which is a plant growth
regulator, | assume that is the type of product that they are interested

in

. One of the products Dan sent to you from our list Bacillus cereus is
registered as a PGR on cotton.
http:/fiwww.epa.gov/peslicides/biopesticides/ingredients/factsheets/factsheet

-119801.htm

t did not find Bacilius cereus as an individual product , butitis a
component of Pix Plus which is labeted on cotton. The Mepiquat chloride
component is not a biopesticide

hitp:/iwww.cdms.net/manuf/1prod.asp?pd=37068lc=0

We do not have anything specific for alfalfa , although many
hiopeslicides

are labeled broadly and may contain alfalfa on the label. If there is a
specific pest that they are interested in please let me know.

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Centre of New Jersey

681 L).S. Highway 1 South

North Brunswick, New Jersey 08902-3390
Tel {732)932-9575 ext 810

FAX (732)932-8481
braverman@aesop.rutgers.edu

IR-4 Website www.cook rutgers.edu/~ir4

~---Original Message-----

From: Jackson.Sidney@epamail.epa.gov

[mailto:Jackson. Sidney@epamail .epa.gov]

Sent: Tuesday, February 11, 2003 1:22 PM

To: kunket@AESOP.RUTGERS.EDY, braverman@AESOP . RUTGERS .EDU
Cec: Bacchus . Shanaz@epamail.epa.gov; Jamersen.Hoyt@epamail .epa.gov,
Forrest.Robert@epamail.epa.gov

Subject: Follow Up Issues to Alfaifa Growers Group Meeling
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Dan/iike:

| had an apportunity to participate in a meeting teday with reps. from
subject Group. | spoke briefly on relevant current alfalfa
pesticide/regulatory matters including zinc phosphide and prohexadions
calcium pesticide regulatory schedules/initiatives, and mixed stands:
aifalfa-grasses tolerance considerations, CropLie/iR-4 interests and
efforts, etc. | neett your help regarding the followmng issues that

came up and hope that you wilt respond/ foliow up with listed contacts
andfor advise me.

1. Dan, would you have the appropriate Director follow up? What pests
are targeted by the seed treatment pesticide, prohexadione calcium? |
was unable 1o locate that information on IR-4's wabsite which shows the
chemical slated for IR-4 research project - residue study.

This inguiry came from Mr. Mark Wagoner of Wagones Touchet Farms,

inc., Touchet, WA. Phone #is
509-304-2970, ceil 508-520-1230, e-mait wagoner@@pocketinet.con.

2. wtike - Are there specific biopesticide research

initiatives/controls iR-4 has planned or under development as primary
or HPM past controls for use on athalfa (seed or forage)? What, if any.
are potential regulatory issues?

Inquiry from Ms. Sharie Fitzpatrick, Director of Rugularory
Affairs & QA for Biotech Traits, Forage Genetfcs int',

West Salern, W, phone 808-786-2121, e-mail;
sfitzpatrick@foragegenetics.com

Also, Mr. Ross MNishihara wantad to know if IR-4's annual budget has been
approved and what it is? This info may be found on your web page which t
referred participants to for specific IR-4 information. Mr. Ross is

with Ridgeview Famms, Inc., Adrian, OR, phone 541-339-4931,

a-mail rish@uwidaho.net.

Thanks for your help,  Sidney

74




Gaba ML TR TmaL T acdim, Bl e el Gers e e g,
aade g paradary ue pEns fogit et B et
LA03 3918 TES40 i o 10671} ¥1-DIEL W0 Y vl
“% 2LYO

PR S RIRNIRPE IR PSPPSR PPN SR S, PR I T P
{ svovnuns

T I T T T T L L T e VI e A A S

{ NOEHAS

02/t2/03 02:00 PM ForresiDC/USEPALSEEPA
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e mmunggqm‘fﬂ
RUTGERS.EDU> ser Shanaz Bacchus/DCAISEPAIUSEDEPA, Hoyt

Subject: RE: Follow Up [ssues o Alfalfa Growears Group Meeling

Sidney

Sarey | sent & blank before. My compuler gol shead of me.

Since there was interest in Prohexadione-calciutn which is 8 plant growth

regulator, | zssume that is the fype of product that they are interested in
One of Ihe products Dan sent to you from our hst Bacilius cereus is

registerad as a PGR on colton,

hitp/Awww . epa.govipesticides/biopesticidesingrediantsifacisheels/facishant

118801 hm

| did not fird Bacillus cereus as an individual product, butitis a
somporent of Pix Plus which is labeled on cottan, The Mepiquat chlonge
component is not a biopesiicide

hilp Mwww cdms nelfmanuf/1prod.asp?pd=37068&lc=0

We do not have anything specific for alializ | aithough many biopesficidas
are labeled broadly and may contain alfalfa on the label. if there is a
spacific pest that thay are inleresled in please el me know,

ttichael Braverman, Fh.D

Biopesticide Coordinator

fR-4 Project, Rutgers University
Tachinology Centre of Mew Jersey

881 U.S. Highway 1 South

North Brunswick, New Jersey 08802-3380
Tel (732)832-G575 ext 610

FAX {732)832-8481
bravermanipaesop.nigers .edu

-4 Waebsiie www.cook rulgers edu/-ird

----- Original Message- -

From: Jackson. Sidney@epasmail.epa.gov

imailtondackson. Sidneyfbepamail.epa.gov

Senl: Tuesday, Febiruary 11, 2003 122 B

To: kunkelPAESOPR RUTGERS.EDU; braverman@AESOP RUTGERS.EDU
Co: Bacchus Shanaz@epamall.epa.gov, Jamerson. Hoyt@epamail epa.gov;
Forrest. Robert@iepamail. epa.gov

Subject: Foltow Up 1ssues to Alfalfa Growers Group Meeting

[anfMike:

{ had an opportunity to participale in a meaeting today withreps. from

ADHZOVY HOILLDZL08d "TYLINIWNOEIANT SHLVIS O3RN
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subject Group. ! spoke briefly on refevant current alfalfa
pesticide/regutatory matters including zinc phosphide and prohexadione
calciumn pesticide regulatory schedutes/initiatives, and mixed stands;
alfalfa-grasses tolerance considerations, CroplifeftR-4 interests and
efforts, ete, 1 need your help regarding the following issues that

came up and hope that you wilt respond! follow up with listed contacts
andfor advise me.

1. Dan, would you have the appropriate Director fottow up”? What pests
are targeted by the seed breatment pesticide, prohexadione calcium?
was unable to locate that information on 1R-4's websile which shows the
chemicat siated for 1R-4 research project - residue study.

This ingquiry came from Mr. Mark Wagoner of Wagoner Touchet Farms,
e, Touchet, WA, Phone#is
506-394-2970, celt 509-520-1230, e-mail: wagoner@pocketinet.com,

2. Mike - Are there specific bopesticide research

intiativesscontrols 1R-4 has planned or under developmernt as primary
or IPM pest controts for use on athalfa (seed or forage)? Whalt. f any,
are potential regulatory issues?

Inguiry from Ms. Sharie Fitzpatrick, Director of Rugutarory
Affairs & QA for Biotech Traits, Forage Genetics Intl,

West Satem, Wi, phone 608-786-2121, e-maih:
sfitzpatrick @foragegenatics.com

Also, Mr. Ross Nishihara wanted to know if HR-4's annuat budget has been
approved and what it is7 This info may be found on your web page which |
referred participaats to for specific IR-4 information. Mr. Ross is

vith Ridgeview Farms, Inc., Adrian, OR, phone 541-339-4931,

e-mail mishi@widaha. net.

Thanks for your help.  Sicdney
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D223 0120 P ForrestDOUSEPAUSEEPA, wagonar@ipockatinel com,

stizpatrick@oragoganatics.com, raish@widaho.net
Subject: RE: Follow Up lzsues o Allalla Growers Group BMeeting

Michae! Braverman, Phv.D

Biopesticide Coordinator

[R-4 Project, Rutgers University
Technulogy Centre of New Jersey

681 U.S. Highway 1 Socuth

MNorth Brunswick, New Jersey 08902-3390
Tel (732)932-8575 ext 610

FAX (732)932-8481
bravarmangpaesop.rutgers edu

IR-4 Website www cook rutgers edul~ird

~~~~~ Original Message--——-

From: Dan Kunket [malioknnkel@AESOP RUTGERS .EDU]

Sent: Tussday, February 11, 2003 5:14 PM

To: Jackson. Signey@epamail.epa.gov, braverman@AESOP RUTGERE £0U
Cc: Bacchus Shanaz@epamail.epa.gov, Jamerson. Hovt@epamal epa.goy,
Forrest. Roheri@epamail.epa.gov, wagonergpocketinet.com,;
sflzpatrickfnforagegenetics.com, mish@widaho.nel

Subject: RE: Foilow Up [ssues to Alfalfa Growers Group Meating

Hallo Sidriey,

Thanks for the information.

Prohexadione calcium is a Plani Growth regutator that BASF has. 1 has been
used in frufl frees to decrease the amount of pruning. As well s helps 10
remove some diseases, as air ow through the treas is beilar. Allhough we
nave nol stared any research with this product, we have received requaest.
From our database It looks ke the use for atfalfa would be 1o increase

leaves and probably make the alfzlfa a betier feed for livestock.

Regarding the ropesticides, t am attaching a printowt of ail of qur
piopesticide projects with aifalfa. Michael (s oul of the office this week
and will ficely respond wath more information on his sefurn.

Regarding our budget, no it has not been approved. We could get an
increase, decrease or stay he same. . - [ast year we received ca. 105
Miltion from our CSREES grant.

Besl renards,
Dan

AOREOV NOILDTA0Yd IVINTHNOEIANT SFIVLS GILIND
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Daniel L. Kunkel, Ph D

IR-4 Protect

Rutgers University
732/832-G575x618
hitp://pestdata.ncsu.edufir-4/

~~~~~ Originat Message--—--

Firom: Jackson Sidney@epamail.epa.gov

[maito:Jackson. Sidney@epamail.epa.govi

Sent: Tuesday, February 11, 2003 1:22 PM

To! kunkel@AESOP.RUTGERS.EDU, braverman@AESOP RUTGERS.EDU
Cc: Bacchus. Shanaz@epamail.epa.gov; Jamerson. Hoytepamail.epa.qgov;
Forrest. Robert@epamail.epa.gov

Subiect: Follow Up 1ssues to Alfalfa Growers Group Meeling

Dan/Mike:

I had an onportunity to participate in a meeting today with reps. from
subiect Group. t spoke briefly on retevant current alfalfa
pesticide/requiatory matters including zinc phosphide and prohexadione
calcium pesticide regulatory schedulesfinitiatives, and mixed stands:
alfalfa-grasses tolerance considerations, Cropl.ife/lR-4 interests and
gfforts, ete. 1 need your help regarding the following issues that

came up and hope that you will respond/ follow up with listed contacts
andfor advise me.

t. Dan, woult you ave the appropriate Director follow up? What pests
are targeted by the seed freatmenl pesticide, prohexadione catcium? |
was unable to locate that information on IR-4's website which shows the
chemical slated for |R-4 research project - residue study.

This inquiry came from Mr. Mark Wagoner of Wagoner Touchet Farms,
inc., Touchet, WA, Phone #is
B08-394-2970, cell: 539-520-1230, e-mail: wagoner@pocketinet.com.

2. Mike - Are there specific biopesticide research

initiatives/controts 1R-4 has planned or under development as primary
or IPM pest controls for use on athalfa {seed or forage)? What, if any,
arg potential regrilatory issues?

nquiry from Ms. Share Fitzpatrick, Director of Rugularory
Affairs & QA for Biolech Traits, Forage Gengtics tnt',

Waest Salem, Wi, phone 608-786-2121, e-maik:
sfitzpatricki@foragegenetics.com

Alsa. Mr. Ross Nishihiara wanted o know if 1R-4's annual budget has heen
approved and what it is? This info may be found on your web bage which !
referred participants to for specific IIR-4 information, Mr. Ross is

with Ridgeview Farms, tnc.. Adnan, OR, phone 541-339-4831,
g-mailrnish@widaho.net.

Thanks for your help. Sidney
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*Personal privacy information*

Mike Braverman To: Shanaz Bacchus/DC/USEPAIUS@ERA, Peter Colly
<braverman@AESOP. <pjcotty@srre ars. usda.gov>
RUTGERS.EDU> e Phil Wakelyn <pwakelyn@cotton,org>, Larey Antilla
<t Antilla@AZ cotton.com>
02106/03 09:14 AM Subject: Fw: NOF’s moving along
Shanaz
Thanks.

Michae! Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers Universily
Technology Centre of New Jersey

681 U.S. Highway 1 South :

North Brunswick, New Jersey $8902-3380
Tel {732)832-89575 ext 610

FAX (732)932-8481
braverman{@aesop.rutgers.edu

IR-4 Website www.cook.rutgers.edu/-ird

~---Qrigina! Message----- ;

From: Shanaz Bacchus—
Sent: Thursday, February 06, 2003 8:45 Al

To: Mike Braverman

Subject: NCF's moving along

Great news! _ -
Phil just called that he's signed off on the FR Notlice of Filing and sent it
up for fund appropriation.

Have a great day!
Shanaz Bacchus



Mike Braverman To: Shanaz Bacchus/DC/USEPA/US@EPA
<braverman@AESOP, cc; Petler Cotty <pjcotty@srre.ars.usda.gov>
RUTGERS.EDU> Subject: RE: Final Rule

02/05/03 04:10 PM

Shanaz

I'm not sure what you are asking for, | faxed a copy of the docket
index/release letter to you on Dec 20. Attached is the cover letter dated
Dec 23, 2002 to which | attached the signed original. Do you now need an
electronic version of the same information?

Does it need to be repeated for the final rule versus the notice?
When is the notice to be comming outin the FR ?

You also mentioned something last week about the Authorization letters.
Those are below in Word Format, Please tell me how to modify if needed

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers Liniversity
Technology Centre of New Jersey

681 U.5. Highway 1 South

North Brunswick, New Jersey 08902-3390
Tei (732)932-9575 ext 610

FAX (732)932-8481
braverman@aesop.rutgers.edu

iR-4 Website www.cook.rutgers.egu/~ir4

-----Qriginal Message-----

From: Bacchus.Shanaz@epamail.epa.gov
[mailto:Bacchus.Shanaz@epamail.epa.govi
Sent: Wednesday, February 05, 2003 3:13 PM
To: Mike Braverman

Subject: Final Rule

To get ready for the final rule, assuming that all goes well with the
rest of the reviews, please get the docket release letter ready. This
would involve classifying the efficacy and toxicology studies as
non-CBI. If you have any guestions about which ones should be
releasable to the public, please call John Kough.

Can you use the letter | had sent you for the release for the notice of
filing, and insert the answers electronically so that we can put the

list of studies as an electronic file on the net ang not have to scan
letters with handwritten notes? Also, please send me a harg copy with
original signatures. Check the number of pages to make sure that the
pagination is correct. (Rals, like registrants, now have to paginate
things for the docketl!)

Thanks
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Shanaz Bacchus, Chemist
USEPA/OPP {Mail Code 7511C)
Biopesticides and Pofiution Prevention Division
1200 Pennsyivania Ave., N.W,
Washington D.C. 20460
Phone; 703-308-8097

Fax; 703-308-7026

AF36coverletterDocindex.wg AF36sec3AntillaAndersen.de AF36sec3cottyAndersen.do
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Mike Braverman To. Shanaz Bacchus/DC/USEPAUS@EPA
<braverman@AESOP. cc: Peter Cotly <pjcoly@srre.ars.usda.gov>
RUTGERS.EDU> Subject: FW: NOF AF386 includes Efficacy for docket prep/please comment

0114/03 11:05 AM

Shanaz

As per your request, | have discussed the aflatoxin reduction issue with
Peter, Please see section H , bottom of page 11 in red cotor which contains
2 new sentences.

Michae! Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Centre of New Jersey

681 U.S. Highway 1 South

North Brunswick, New Jersey 08902-3380
Tel {732)932-9575 ext 610

FAX (732)932-8481
bhraverman@aesop.rutgers.aedu

IR-4 Website www. cook rutgers.edu/~ird

From; Mike Braverman [mailto:braverman@aesop.rutgers.edu}

Sent: Friday, January 10, 2003 4:05 PM

To: Bacchus. Shanaz@epamail.epa.gov

Cc: Peter Cotty; Hutton. Phil@epamail.epa.gov;

Kough.John@epamail.epa.gov; etsitty.carl@epamail.epa.gov;
~Tomimatsu, Gail@epamail.epa.gov; Vaituzis. Zigfridas@epamail.epa.gov

Subject: FW: NOF AF36 inciudes Efficacy for docket prep/please comment

Shanaz
| have incorporated Peters changes in the Efficacy section {H) of the NOF.

Peter and | have been working back and forth between Word and WardPerfect,
so | hope everything comes through formated ok.

Peter is working on cotlecting journal artictes.

Have anice weekend,

Michae! Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Centre of New Jersey

681 U.S. Highway 1 South

MNorth Brunswick, New Jersey 08902-3380
Tel {732)932-6575 ext 610

FAX (732)832-8481
braverman@aesop.rutgers.edu

IR-4 Website www.cogk rutgers.edu/~ird




----- Original Message-----

From: Mike Braverman [maiito:braverman@aesop.rutgers.edu]

Sent: Thursday, January 09, 2003 2:34 PM

To: Bacchus.Shanaz@epamail.epa.gov

Ca: Peter Cotly; Hutton.Phil@epamail.epa.gov;
Kough,John@epamait.epa.gov,; etsitty.cart@epamail epa.gov;
Tomimatsu.Gait@epamail. epa.gov; Vaituzis. Zigfridas@epamail.epa.gov
Subject: FW: NOF AF36 includes Efficacy for docket prepiplease comment

Shanaz

Sorry that § missed cne part with USDA. | have corrected the NOF so it all
reads on behalf of the AZ-Cotton Research and Protection Counci,

Peter - Please address the questions under section H. Efficacy

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Centre of New Jersey

681 U.3. Highway 1 South

North Brunswick, New Jersey 08902-3390
Tel {732]932-9575 ext 610

FAX (732)932-8481
braverman@aesop.rutgers.edu

IR-4 Website www.cook.rutgers.edu/~ir4

----- Originat Message-----

From: Bacchus.Shanaz@epamail epa.gov
[mailto:Bacchus.Shanaz@epamail.epa.gov)

Sent: Thursday, January 09, 2003 2:17 PM

To: Mike Braverman

Cc: Peter Cotty; Hutton.Phil@epamail.epa.gov,
Kough.Jehn@epamail.epa.gov; etsitty.carl@epamail.epa.gov. )
Tomimatsu.Gail@epamail.epa.gov, Vaituzis. Zigfridas@epamail.epa.gov
Subject: NOF AF386 includes Efficacy for docket prep/please comment

Attached is the AF38 revised version including efficacy data as
requested by John. | tightened up the acute tox data waivers a bit,
since it was redundant. Just a.few simple questions left in purple. tf
you all agree on this version, tll submit it for typesetting by Friday
COB. Can you respond by Friday noon?

{See attached file: NOF Af36 Sec3 for pub 03.wpd)

Mike, the behalf section was a hit confusing. Are you submitling the
petition on Peter's behalf and the Section 3 on behalf of AZ Cotton
Council {AZCC)? Cris it all on behalf of AZ CC?

Thanks.

Sincerely,

Shanaz Bacchus, Chemist

USEPA/OPP (Mait Code 7511C)

Biopesticides and Pollution Prevention Division
1200 Pennsylvania Ave,, N.W.
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Washington D.C. 204860
Phone: 703-308-8097
Fax: 703-308-7026

[]

NOF Af36 Sec3 for pub 03.wr
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Mike Braverman To: Shanaz Bacchus/BC/USEPA/US@ERA

<braverman@AESOP. ce: Peter Cotty <pjcotty@srre.ars.usda.gov>, Phil

RUTGERS.EDU> Hulton/DC/USERPA/US@EPA, John Kough/DC/USEPA/US@EPA, Carl
Etsity/DC/USEPA/US@EPA, Gait Tomimatsu/DC/USEPA/US@EPA,

01/10/03 04:04 PM Zigfridas Vaituzis/DC/USEPA/US@EPA

Subject: FW; NOF AF36 includes Efficacy for docket prep/please comment

Shanaz

| have incorporated Peters changes in the Efficacy section {H) of the NOF,

Peter and | have been working back and forth between Word and WordPerfect,
so | hope everything comes through formated ok.

Peter is working on collecting journal articles.

Have a nice weekend.

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technelegy Centre of New Jersey

681 U.S. Highway 1 South

North Brunswick, New Jersey 08802-3390
Tel {732)832-9575 ext 610

FAX (732)932-8481
braverman@aesop.rutgers.edu

IR-4 Website www.cook.rutgers.edu/~ird

----- Original Message---— .

From: Mike Braverman {(mailto:braverman@aesop.rutgers.edu)

Sent: Thursday, January 09, 2003 2:34 PM

To: Bacchus, Shanaz@epamail .epa.gov

Cc: Peter Cotty, Hutton Phil@epamail.epa.gov,
Keugh.John@epamail.epa.gov; etsitty. carl@epamail.epa.gov,

Tomimatsu. Gail@epamazil.epa.gov; Vaituzis.Zigfridas@epamail.epa.gov
Subject; FW: NOF AF36 includes Efficacy for docket prep/piease comment

Shanaz

Sorry that | missed one part with USDA. { have corrected the NOF so it all
reads on hehalf of the AZ Cotton Research and Protection Council.

Peter - Please address the guestions under section H. Efficacy

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Centre of New Jersey

681 U.S. Highway 1 South

North Brunswick, New Jersey 08902-3390
Tel (732)832-8575 ext 610

FAX (732)932-8481
braverman@aesop.rutgers.edu

86




IR-4 Website www.cook.rutgers.edu/~ir4

-----Qriginat Message-----

From: Bacchus.Shanaz@epamail.epa.gov
[maiito:Bacchus.Shanaz@epamait.epa.gov]

Sent; Thursday, January 09, 2003 2:17 PM

To: Mike Braverman

Cc: Peter Cotty; Hutton.Phil@epamail.epa.gov;

Kough John@epamail.epa.gov; etsilty cari@epamail.epa.gov;

Tomimatsu.Gail@epamail.epa.gov; Vaituzis Zigfridas@epamail.epa.gov

Subject: NOF AF36 includes Efficacy for docket prep/please comment

Attached is the AF36 revised version including efficacy data as
requested by John. itightened up the acute tox data waivers a bit,
since it was redundant. Just a few simple questions ieft in purple. If
you all agree on this version, (i submit it for typesetting by Friday
COB. Can you respond by Friday noon?

{See attached fite; NOF Af36 Sec3 for pub 03.wpd)

Mike, the behalf section was a bit confusing. Are you submitting the
petition on Peter's behalf and the Section 3 on behalf of AZ Cotton
Council (AZCC) ? Or is it all on behalf of AZ CC?

Thanks.

Sincerely,

Shanaz Bacchus, Chemist

USEPA/OPP {Mail Code 7511C)
Biopesticides and Pollution Prevention Division
1200 Pennsylvania Ave., N.W.

Washington D.C. 20460

Phone: 703-308-8097

Fax: 703-308-7028

NOF Af36 Sec3 for pub 03.wy
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Mike Braverman

<braverman@AESOP.

RUTGERS.EDU>
01/09/03 02:34 PM

To: Shanaz Bacchus/DC/USEPA/US@EPRA

cc: Peter Colty <pjcotty@sric.ars.usda.gov>, Phil
Hutton/DC/USEPAJUS@EPA, John Kough/DC/USEPA/LIS@EPRA, Carl
Etsitty/OC/USEPAJUS@EPA, Gail Tomimatsu/DCIUSEPA/US@EPA,
Zighidas Vaituzis/DC/USEPA/LIS@EPA

Subject: FW: NOF AF36 includes Efficacy for docket prep/please comment

Shanaz

Sorry that | missed one part with USBA. | have corrected the NOF so it all
reads on behalf of the AZ Cotton Research and Protection Coungil.

Peter - Please address the questions under section H. Efficacy

Michael Braverman, Ph.D

Biopesticide Coordiriator

iR-4 Project, Rutgers University
Technology Centre of New Jersey

881 U.S. Highway 1 South

North Brunswick, New Jersey 08902-3390
Tel (732)932-9575 ext 610 '
FAX (732)932-8481
braverman@aesop.rutgers.edu

IR-4 Website www.cook.rutgers.edu/~ir4

»»»»» Criginal Message-----

From: Bacchus, Shanaz@epamail.epa.gov

fmailto;Bacchus. Shanaz@epamait.epa.gov)

Sent: Thursday, January 09, 2003 2:17 PM

To: Mike Braverman

Cc: Peler Cotty; Hutton.Phil@epamail .epa.gov,
Kough.John@epamail.epa.gov; etsitty.carl@epamail.epa.gov,
Tomimatsu.Gail@epamail.epa.gov; Vaituzis. Zigfridas@epamail.epa.gov
Subject: NOF AF38 includes Efficacy for docket prep/please comment

Attached is the AF 38 revised version including efficacy data as
requested by John. | lightened up the acute tox data waivers a bit,
since it was redundant. Just a few simple questions left in purple. If
you all agree on this version, I'll submit it for typesetting by Friday
COB. Can you respond by Friday noon?

{See allached file: NOF Af36 Sec3 for pub 03.wpd)

Mike, the behalf section was a bit confusing. Are you submitling the
petition on Peter's behalf and the Section 3 on behalf of AZ Colton
Council (AZCC) ? Oris it all on behalf of AZ CC?

Thanks.

Sincerely,

Shanaz Bacchus, Chemisl

USEPA/OPP (Mail Code 7511C)

Biopesticides and Pollution Prevention Bivision
1200 Pennsylvania Ave., NJW.

Washington D.C. 20480

Phone: 703-308-80897

Fax: 703-308-7026
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NOF Af36 Sec3 for pub 03.wg

89




Mike Braverman To: Shanaz Bacchus/DCIUSEPA/USEERA
<braverman@AESCP, cc: Peter Cotty <pjcotty@srre.ars.usda.gov>
RUTGERS.EBU> Subject: Efficacy summary in NOF

01/06/03 03:33 PM

Shanaz

The NOF is attached with the efficacy summary near the end of the file,

Peter-Thanks

Michaei Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technology Centre of New Jersey

681 U.8. Highway 1 South

North Brunswick, New Jersey 08002-33280
Tel (732)932-9575 ext 610

FAX {732)032-8481
braverman{@aesop.rulgers.edu

IR-4 Website www.cook.rutgers. edu/~ird

AF36Sec INOFNEW2 wy
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For Information Contact: Betty Johnson
Link To: District Map

Texas irrigated Upland Cb_tton County Estimates 2001

' Yieid per |
County District Acreage Acreage Harvested
District FIPS and Pianted Hervested Acre Production
Code Code County {acres) {acres) {pounds) (bales)

45 Briscos 24,000 24,000 530 26,500

85 Carson 5,000 4.7I00 735 7.200

69 Castro 78,000 77,900 958 155,000

117 Deaf Smith 27,000 23,000 772 37,000

e 153 || Floyd 125,500 120,600 653 164,000

189 Hale 242,000 238,500 708 352,000

; 208 Hartley ] t,400 1,100 635 1,500

369 Parmer 70,000 69,000 1,043 150,000

381 ] Randali 2,000 2,000 800 2,500

437 i Swisher 72,000 69,500 780 113,000

888 QOther Counties 2,100 1,700 649 2,300

o 939 | District 1-N i 649,000 632,000 % 768 1,011,000

3 Andrews 9,000 8,200 585 10,000

é 17 Baitey 36,000 29,800 660 41,000

79 Cochran E 71,000 69,000 563 81,000

] 107 Crosby | 136,000 98,000 451 52,000

" 115 Dawson 56,000 52,500 622 68,000
165 Gaines 184,000 167,500 519 181,000 :

173 Giasscock 23,500 23,000 668 32,000

219 | Hocidey 139,000 92,000 522 100,000

I nfs
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| |l o i Yieid per
County District Acreage Acreage Harvested
District FIPS and Planted Harvested Acre Production
Code i Code County {acres) (acres) (pounds) {baies)
227 Howard 2,500 2,300 417 2,000
279 Lamb 163,500 150,500 E 753 236,000
303 Lubbock 171,500 131,000 447 122,000
305 f.ynn 80,500 35,800 389 29,000
317 Martin 10,500 10,400 692 15,000
329 Midland 8,000 7.000 480 7.000
445 Terry 125,500 119,000 387 98,000
501 Yoakum ! 63,500 61,000 567 72,000
999 District 1-G 1,280,000 1,057,000 538 1,184,000
a3 Borden 1,500 1,500 704 2,200
75 Chiidress i 6,100 8,100 708 8,000
87 Coilingsworth ‘5,600 5,300 860 9,500
101 Cottie t,800 1,800 667 2,500
125 Dickens 3,100 3,100 325 2,100
129 Doniey 4,700 4,600 522 5,000
189 Garza 12,200 10,600 543 12,000
“ 191 Hall 8,200 7.800 877 11,000
197 Hardeman 3,000 o 2,6;5(? N 600 3,500
345 Motiey 2,200 2,000 60(3 2,500
483 Whealer 1,300 1,200 800 2,000
487 Wilbarger 1,000 900 693 1,300
888 Other Counties 300 300 640 4ﬁ0
999 Distriet 2-N 51,000 48,000 630 163,000 |

4!0%3 12418 PM
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L nf s

Yieid per
County District Acreage Acreage Harvested
District FIPS and Planted Harvested Acre Production
Code Code County (acres) {acres) (pounds) (baies)

151 Fisher 2,200 2,200 873 4,000
207 Haskeli 16,300 15,800 668 22,000
275 Knox 16,000 16,000 846 28,200
335 Mitcheli 3.000 3,000 736 4,600
22 353 Nolan 2,700 2,500 691 3,600
398 Runnels 1,400 1,400 514 1,500
415 Sourry 1,400 1,400 5t4 1,500
S 888 | Other Counties 2,000 1,700 734 2,600
999 Bistrict 2-5 45,000 44,000 742 68,000
888 |’_Other Counties 2,000 : 2,006 720 3,000

40 :
999 District 4 2,000 2,000 720 3,000
888 Other Courtlies 1,000 1,000 480 1,000
! 599 District 5-N 1,000 1,000 480 1,000
41 Brazos 5,400 5,400 800 9,000
o 52 395 Robertson 18,600 18,600 568 22,000
999 Disfrict 5-8 24,000 . 24000 620 31,000
I %A El Paso 8,000 8,700 1,324 24,000
229 Hudspeth 8,000 8,000 1,200 20,000
371 Pecos 6,500 6,500 849 | 11,500

60
389 ] Reeves 5,700 5,200 591 6,400
888 (Onher Counties 800 600 880 1,100
999 District 6 30,000 29,000 1,043 63,000
70 g5 Qoncho 1,600 1,600 600 2,000
adf 1915 P
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[{ Yield pelr
County District Acreage Acreage Harvested
District FIPS and Planted Harvested Acre Production
L Code Code i County {acres) (acres) {pounds) {bales)
383 Reagan 7,400 7,400 584 S.QOD
| 451 _ Tom Green 12,900 12,900 670 18,000
461 Uplon 5,300 5,300 | 607 6,700
888 Other Counties 6,800 6,800 868 12,300 }
999 District 7 34,000 34,000 678 48,000
25 _Bee 1,400 1,400 1,029 I3,OOD
&) Burlason 7,900 7,900 711 14,700
7 888 Other Counties 4,700 4,700 1,256 12,300
9935 District 8-N 14,000 1-4.000 926 27,000
409 San Patricio 7,000 7,000 1,234 18,000
i * 895 District 8-S 7.000 7,000 1,234 18,000
468 FVictorEa 1,000 1,000 720 1,500
481 Wharton 5,000 5,000 g12 9,500
* 888 | Other Counties 1,000 1,000 960 2,000
999 District 9 7,000 7,000 851 13,000
507 Zavala 2,800 2,800 857 5,000
86 888 Other Counties 2,200 2,200 873 4,000
899 District 10-N -~ 5,000 5,000 864 9,000
61 Cameron | 36,800 35,000 617 45,000
215 1 Hidalgo 42,500 40,000 780 65,000
97 488 Willacy 7,800 5,500 732 9,000
888 || Other Counties 2,100 2,100 686 3,000
999 District 10-S 89,000 83,000 706 122,000

4099 19 t5 pg




Jléxas umgated upland Louan County ksnmates 2UUL
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MUY WW . NESE.USER, g0V QUCeCOrlLNLm

Yield per
County District Acreage Acreage Harvested
District || - FIPS and Pianted Harvested Acre Production
Code Code County (acres) (acres) (pounds) (baies)
99 999 Texas 2,238,000 1,887,000 543 2,661,000

When less than 1,000 pianted acres of dryland or irrigated crop are estimated for a county or district,
the acres and preduction for both practices are included in "other counties” or "other districts” to avoid
disclousre.
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Texas Non-Irrigated Upland Cotton County Estimates

2001

For Information Contact: Betty Johnson
Link to: District Map

| Yield per
County District Acreage Acreage Harvested
District FiPS and Pianted Harvested Acre Production
Code Code County {acres) {acres) {pounds) (baies)

45 Briscoe 17,000 15,400 237 7.600
85 ; Carson 2,200 2,100 | 434 1,800
68 Castro 3,700 2,400 400 2,000
117 Deaf Smith 8,000 6,700 384 5,500
153 Floyd 51,600 47.000 255 25,000
189 | Hale .24'700 22,500 EE 416 19,500
; 20;““ Hartley 5,600 2,200 415 1,800
368 Parmer 4,400 4,100 433 3,700
381 | Randal 2,200 1,700 424 1,500
437 Swisher 9,200 9,000 400 7,500
888 Other Counties 2,400 800 480 900

988 District 1-N F 131,000 114,000 : 324 77,000 !
3 Andrews 19,100 9,000 107 2,000
17 Bailey : 50,000 40,000 240 i 20,000
79 Cochran N 61,600 44,500 248 23,000
12 107 Crosby ! 88,400 74,500 t61 25,000
115 Dawsan 253,000 32,000 ; 210 14,000
165 E Gaines 108,500 24,000 180 9,000
173 Glasscock 68,900 7,000 206 3,000

aihE 1715 M
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i | Yield per
County District Acreage Acreage ‘ Harvested
District FIPS and Planted "Harvested | Acre Production
Code Code .i County {acres) (acres) i {pounds} {bales)

219 [ Hockley 118,400 73,500 | 229 35,000

227 Howard i 128,000 23,000. 125 6,000

279 Lamb 42,400 19,500 345 14,000

303 Lubbock 92,500 62,500 184 24,000

305 Lynn 218,000 74,500 209 32,500

317 Martin 146,500 15,000 112 3,500

329 Midiand 26,800 7,000 137 2,000

445 Telirry 140,200 69,500 162 23,500

501 | Yoakum 83,700 26,500 172 9,500

999 District 1-5 1,645,000 602,000 196 246,000

33 Borden 189,700 4,000 180 1,500

75 Childress 33,300 30,000 176 11,000

87 Cuollingsworth 12,500 12,000 268 6,700

101 Cottle 17,200 12,400 135 3,500

125 Dickens 21,200 20.000 242 10,100

129 Donley 8,800 7,600 380 5,700

21 169 Garza i 32,800 13,500 142 4,000
191 Hall 49,700 42,800 236 21,000

197 ! Hardeman 4,500 2,500 192 1,000

263 Kent ( I3,000 2,500 248 1,500

345 Motley 27,700 25,000 134 7,000

483 { Wheeler 3,500 3,500 274 2,000

485 Wichita 18,700 8,800 191 3,500

41098 1715 M
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Yield per
, - County District Acreage Acreage Harvested
District FiPS and Planted Harvested Acre Production
Code Code County {acres) {acres) {(pounds) (bales)
487 Wiibarger 30,000 25,000 161 8.400
888 || Other Gounties 16,200 5,000 | 202 2,100
"_-999 District 2-N 299,000 215,000 - 199 89,000
83 Coleman 5 5,000 3,500 192 1,400
151 Fisher 71,500 64,500 223 30,000
207 Haske!l :l 79,400 76,000 202 32,000
275 Knox 13,500 1 0.50ﬁ 229 5,000
335 Mitchell 55,600 40,000 | 180 15,000
22 :
353 Nolan ’ 53,000 48,000 175 17,500
399 Runnels 55,800 50,000 © 208 21,500
415 Scurry 63,000 51,000 179 19,000
E 888 i Other Counties 128,10d 102,500 214 45,600
999 District 2-S 525,000 446,000 201 187,000
49 i{ Brown 2,200 500 192 200 |
77 Clay 1,700 1,000 td44 300
417 Shackelford 2,500 2,400 260 1,300
” 447 Throckmorton 3,400 2,500 154 800
888 || Other Counties 2,200 1,600 120 400
989 District 3 12,000 8,000 | 180 3,000 E
27 Bell 1,500 1,500 416 1,300
85 ! Collin 2,900 2,800 E 360 2,100
40 ; '
l. 119 Delta 1,300 1,200 440 1,100
139 Ellis | 35,000 34,200 ' 441 31,400
ARG 1715 PM
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| Yieid per
County Bistrict Acreage Acreage Harvested
District || FIPS and Planted Harvested Acre Production
Code l Code County {(acres) {(acres) {pounds) (baies)
i‘ 217 Hill 23,200 23,000 361 17,300
231 Hunt 3,500 3,400 r 452 3,200
! 277 Lamar 2,900 2,300 364 i 2,200
293 I Limeslone 3,000 3,000 400 2,500
349 Navarro :F . 1?.300 17,000 339 12,000
491 Williamson 21,800 20,800 508 22,000
888 Other Counties 20,600 19,200 498 19,800
999 - District 4 133,000 128,000 428 115,000
. 888 Other Counlies _hl 7.000 6,000 480 6,000
999 District 5-N 7,000 6,000 480 6,000
41 Brazos 2,400 2,100 r 480 2,100
385 Robertson 3,100 2,900 3t4 t,500
52 471 Walker 1,300 1,100 | 524 1,200
- 888 Cther Counties 1,200 S00 427 800
999 District 5-S 8,000 7.000 411 6,000
95 Concho 27,300 24,500 E 186 9,500
307 McCulioch | 3,900 3,500 185 1,200
383 Reagan 30,800 1,200 320 800
413 Schigicher 7,500 6,000 392 4,900
e 451 Tom Green 74,800 66,800 259 36,000
; 461 Uplon 12,000 400 240 200
888 Other Counties 4,700 600 320 400
999 District 7 161,000 103,000 1 247 53,000
091915 pm
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] ! Yield per
County Dislrlct Acreage Acreage Harvested
District FIPS and Planted Harvested Acre Production
Cade Code Caunty (acres) (acres) (pounds) (bales)
15 Austin 4,300 2,600 628 3,400
25 Bee 11,700 11,700 431 10,500
&1 Bureson : 3,200 3,100 387 2,500
55 Caldwell ’:f 3,300 3,100 449 2,900
89 Colorado i G.BﬁO 4,100 644 5,500
i 175 é Gofiad ," 1,500 1,500 480 1,500
255 Kames 1; 1,200 1,200 480 1,200
453 Travis 3,300 3,100 294 5 1,900
888 Other Counties 2,700 2,600 480 2,600
999 District 8-N 38,000 33,000 465 32,000
273 Kleberg 43,300 18,000 427 16,000
355 Nueces }i 144,600 117,000 570 E 138,000
391 Refugio 41,200 40,800 875 74,000
* 409 San Pairicio ; 125,000 123,500 5N 152,000
8a8 Other Counties 800 800 533 1,000
999 D.is1rict 8-5 355,000 300,000 611 382,000
35 Brazoria g 7,700 7,700 692 ]| 1.1.100
57 Calhoun ; 27,500 25,800 _ 683 36,700
238 Jackson 35.,500 30,500 738 46,900
S0 469 Victoria 18,300 158,700 605 1 9,-800
481 Wharton 74,000 70,500 783 115,000
888 || Other Counties 95,000 30,800 732 138,500
999 District 9 258,000 241,000 733 368,000
440711715 PMm
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H . ' % Yield per
County District Acreage Acreage Harvested
Bistrict FIPS and Planted Harvested Acre Production
Code Code County {acres) {acres) {pounds) (bales)
131 Duval 1,500 900 480 “ 900
96 - 888 I—Other{l‘:rjunties 20,500 17,100 396 14,100
598 District 10-N [ 22,000 8,000 400 15,000
61 Cameron 44 600 13,000 247 6,700
215 Hidalgo 42,500 8,500 282 5,000
97 489 Willacy 80,000 19,000 202 8,000
888 Other Counties 900 500 288 300
999 District 10-3 168,000 41,000 234 20,000
59 999 Texas 3,762,000 2,263,000 339 1,589,000

When less than 1,000 planted acres of dryland or irrigated crop are estimated for a county or district,
the acres and production for both practices are included in "other counties” or "other districts” to avoid

disclousre.
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Further Comments on the Efficacy of Aspergillus flavus AF36 in Response to
Questions received March 10, 2003, from USSEPA, OPP, Biopesticides and

Pollution Prevention Division

Peter J. Cotty, Ph.D., Research Plant Pathologist, USDA, ARS, SRRC, New
Orleans, LA 70124. Phone: 504-286-4391

Michae! Braverman, Ph.D., Biopesticide Manager, IR-4, Rutgers University, New
Brunswick, NJ 08902. Phone: 732-932-9575

Applications of Aspergillus flavus AF36 seek to alter the A. flavus communities
resident in agricultural fields so that the non-afiatoxin (atoxigenic) strain AF36 is
more common and highly toxigenic strains (such as the S strain) are less
common. This results in reductions in the average aflatoxin producing potential
of A, flavus communities associated with treated crops and resident in treated
fields,

These are the activities we claim for the product Aspergillus flavus AF36. We do
not claim to reduce aflatoxin content to any given level, In some areas and
years, aflatoxin content may exceed 2,000 ppb in the seed and a fairly successful
displacement (80%) would only be expected to achieve a reduction to a level in
excess of 400 ppb. Yet, in many cases, the industry and particularly the
producer living on the farm, would view this as advantageous.

Aflatoxin contamination of cottonseed is monitored in several ways in different
areas. In general, it is carefully monitored going into dairy markets. The FDA
does not perform this monitoring, although they may do spot checks. industry
performs the analyses. Aflatoxin content of the milk is often monitored carefully
and if toxin is detected (at 0.3 ppb) the dairies begin looking for the source
(usually corn, cottonseed, or milo). If toxin exceeds 0.5 ppb, the milk must be
dumped and the dairy is placed on quarantine. The liabllity for this generally lies
on the provider(s) of the feed.

- The FDA has different action levels for cottonseed going into different markets:
* Cottonseed may only contain 20 ppb to be used for dairy cattle.
¢ Cottonseed containing up to 300 ppb can be fed at beef feedlots (i.e. for
finishing cattle). :
» Cottonseed meal intended for beef cattle, swine or poultry may contain up to
300 ppb aflatoxin.,

Even cottonseed exceeding 300 ppb often has markets. It may be sold to an oil
mill where the crush must be carefully monitored to maintain meal below 300
ppb. This seed may be sold to cottonseed brokers that ammoniate the
contaminated seed to reduce contamination or it may be sold to markets where
vegetable proteins are so highly valued that process methods for dealing with
aflatoxin contaminated seeds have been develop (i.e. certain Mexican markets).
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The aflatoxin content of each iot of seed sold into these markets is generaily
known and identified. The guantity of aflatoxins infiuences the vaiue of the seed.
It is more difficult to ammoniate seed that exceeds 2,000 pph than seed that is
only 400 ppb. Seed with lower afiatoxin may be more valuabie in secondary
markets such as Mexico. Seed with lower aflatoxin is more likely to produce
meal with afiatoxin contents acceptable for some uses.

It is not unusuat for aflatoxin contents to vary by several orders of magnitude
between adjacent fields and across adjacent years, Thus it is not feasibie to
assess the impact of applications directly on afiatoxin contents. Instead we rely
on measurements of successful displacement and on the experience of
participating gins and producers. Typicatly, initial areas to be treated are those
that have the severe problems with contamination. An example of this was the
first farm we treated in 1996 that had 7,000 ppb the previous year. This selection
of fields to participate by producers and gins further complicates the toxin view.
Nevertheless, we can and have accurately measured displacement of afiatoxin
producers and increases in the incidence of the non-afiatoxin producing AF36 on
crops and in soils through both the use of repeated measures tests and analysis
of variance in replicated trials. The relfationship of this displacement to
reductions in contamination has been proven in laboratory, greenhouse, and
field-plot tests. In commercial field tests, models using cottonseed oii free fatty
acid content as a measure of weathering have also supported this relationship.
See report entitied “Report on Results of Experimental Program on the use of
Atoxigenic Aspergilius flavus strain AF36 on Cotton Performed Under
Experimental Use Permit 69224-EUP-1: Influences Applications on Communities
of A. flavus Resident in the Soil of Treated Fields and Assessment of Stability of
the Atoxigenic Phenotype of Aspergitius favus” (no MRID assigned). Efficacy
data can aiso be found in MRID 43763405 Cotty, P. Hartman, C. (1995)
Aspergilius flavus isolate AF386: Product Performance Data.

We are concerned over potential delays in reviewing the newly requested data.
We are open to other ways in which to bring this review to a conclusion. While
we do not view this as a public heaith pesticide we can also amend the labei to
remove the statements pertaining to reductions in afiatoxin and change the label
ctaims only to include displacement of Aflatoxin producing strains of Aspergillus
flavus. By removing the claim for reducing aflatoxin, AF36 shouid certainly not be
considered a public heaith pesticide so there is no need to review the efficacy
data and the review can be brought to a conclusion. if efficacy is reviewed, it
should be based on the reduction of toxigenic strains.

The above mentioned report provides extensive evidence for the efficacy of
Aspergillus flavus AF-36 in reducing the proportion of the A. flavus
community composed of the S strain. The S strain produces very high
afiatoxin quantities and is a very significant component of the A. flavus
community in both Arizona and South Texas. information on the efficacy
of AF-36 in modifying A. flavus communities in Texas follows.

104




Efficacy of Aspergillus flavus AF36 in Texas: Results of Field Tests on the 2000
and 2001 Commercial Cottonseed Crops.

Peter J. Cotty

Research Plant Pathologist
USDA-ARS-SRRC

P.O. Box 19687, New Orleans, LA 70124
504-286-4391

In order to assess efficacy of soil applied Aspergillus flavus AF36 in South Texas,
field tests were performed in commercial cotton fields at 9 locations throughout
South Texas. Tests extended from Rangerville in the Lower Rio Grande Valley
area to El Campo in the Upper Coast area.

For each test from 0.5 to 1.0 acre of cotton was treated by hand by sprinkling the
standard wheat seed formulation of Aspergiillus flavus AF36 on the soll at the
standard rate of 10 [b./acre. In all tests multiple atoxigenic strains of A. tlavus
native to South Texas were evaluated. All strains were applied to the same area
at the same rate in order to ohserve competition among strains and ditferences
among strains in efficacy. Efficacy of atoxigenic strains at displacing the highly
toxigenic S strain and other native strains was assessed by characterizing the
communities of fungi associated with the mature crop in both treated areas and
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in untreated control areas separated from the treated areas by 20 rows of
untreated cotton (see field test design below;.

as Fleld Test Design.

L.ong-term infiuences of atoxigenic strains of A. flavus have been observed in
Arizona. Comparing the communities of fungi resident in the soit just prior to
treatment with the community present one year after treatment typically is used
to assess this. Such comparisons determine if influences of treatments can be
expected to provide a benefit to the environment and crops the second year by
reducing the average aflatoxin producing potential of fungi resident in the field
across multiple years. The potential for fong-term influences of atoxigenic strain
applications in South Texas was determined by analyzing the composition of the
A. flavus communities in the soil of treated plots prior to treatment, with the
community structures one year after treatment. Similar comparisons were made
contrasting soil in the untreated controi piots.
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In these studies, three atoxigenic strains (AF36, BK, and ST02) were applied to
the treatment area. Incidence of AF38 on treated crops in 2000 and 2001
demonstrate efficacy of Aspergillus flavus AF38 at displacing aflatoxin producers
during crop colonization.

Both AF36 and the other two-atoxigenic strains evaluated were effective at
spreading from the applied product to the crop and displacing aflatoxin producers
during the process. Each strain was applied a single time at 10 pounds per acre.
AF36 was the most effective strain in these tests. All strains had efficacy in
displacing resident aflatoxin producers.
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In all tests, AF36 also demonstrated the ability to spread within treated fields
across untreated areas. This activity has repeatedly been observed in Arizona
and is an aspect of the efficacy of AF36 in displacing aflatoxin producers. The
goal of AF36 applications is to modify A. flavus communities so that they have a
lower potential to produce aflatoxins. The tests in Texas demonstrate great

efficacy of AF36 in achieving that goal.
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An important aspect of the efficacy of AF36 in Arizona is the ability of
applications to make changes to the composition of A. flavus communities in
soils that are detectable even the season after application. This altows the
possibility of inducing long-term reductions in the aflatoxin-prodtucing potential of
A. flavus communities resident in fields and thus provides the potential to get
additive reductions over time. This allows for long-term reductions in the quantity
of aftatoxins in crops and in the environment.

Tests performed in Texas in 2000 and 2001 demonstrated excellent efficacy in
producing long-term influences of atoxigenic strain applications simitar to those
seen in Arizona.

Three tests in 2001 were also performed in which 8 atoxigenic strains were
compared for efficacy in ability to competitively exclude aftatoxin producers.
Aspergillus flavus AF36 demonstrated superior efficacy in these trials as well.
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.
Pr. lanet Andersen Navember 12, 200 3
- . . . . T
Hopesticide and Pollntion Prevention Division T f;//?;{:\w«*"‘
Envirnmnental Pratection Ageney e

Room D10, Crystal Mall 2
1921 Jeflerson Davis Fighway
Arlington, Virgimia

(763} 308-8712

RE: Aspermilus flavis AF36 8E500)
Mimutes o meeting-Sechon 3 Registration Update: November 7, 2002

EPA Paricipants- - Shanaz Bacchus, John Keugh, Zigindas Vanens

Remistrant Related Participanis- Peter Cotty-USDAJARS, Phil Wakelyn- National Cottem Counal, Lamry
Anttla- Arizona Cotion Counail, Michae! Bravenman-1R-4 Projeet,

Diear Janet:

On behalCof the ISDA/ARS, Nationa! Cotton Connel, Artzana Conton Research and Protection
Counerl and the 1R-4 Prsject, thanks to your stafl Tor taking the tine to imeet with us an Navember 7,
2002 to drsenss e section 3 registration of Aspergillus flavus AF-36.

The most recent previons Section 3 meetimg was held on May 34, 2002 (minutes attached), From the
previans meeting ot was agreed that the studies necded to complete the vegistration package were the
taxicology stdics, which have now been submittet, 1 was also agreed that some of the current FEUP
label language was due to the lack of toxicology data at the thne the label was approved.. The goal for
campletion of the section 3 registration was stated as Fehroary.

Tlie mast hnportant points o drasy fram the disenssion an Novewmber 7% are as Tallows:

1. The strong desire nl bath parties was clearly expressed that the section 3 should be
comypileted in ghme to avaid the need VYor another EUP,

2. A mininmm of 48,000 seres was needed for 2003 durongh a Section 3, conditional
registration or EUP or we are in tanger of lasing this technolagy.

Techmalogy Centre ol New lersey
a5l V.S, Highway #) South + North Brunswick, NJ 08%02-3390 « 732/932.9375 » Fax: 732/932-8481
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Pl Walelvn began the meeting by highlighting the importance ol this praject to the cotton mdustry and
how widespread the aflatoxim problem was m 2002 for all vrops, Despite over 100 nullion dollars having
been myested m aflataxin rescarch since 1990 there have heen no effective control measires developed
except for ataxigenic stain (AF-34) eehnolpgy. Cotty commented that m addition to cattonseed
problemns m 2002 | there were severe problems in comn and this extended into the mid-west as far as
Nebraska as well as devastating the corn erop in South Texas. Larry Antlla deseribed the dire nature of
the project and 1hat delay in registration had eroded grawer confidence in the program’s potential. The
lack of a section 3 registration in time for the 2003 could mean the lack of grower mvolvement and
madequate {inancial support for the praduction facility. A mininutm of 40,000 acres is needed to keepihe
operaiion functional and to keep the early adopters af the program.

Michael Braverman mentioned that alf the hezhh effects und cco tox data had heen submitted and
mentioned the studies invohved. Shanaz and Michael had met earlier in the day to discuss the
arganization of the submissron and cleared up guestions about same ofthe sygnature 1ssues with Feresa
Downs. MRID numbers have naw been assigned to the previously rejected valumes. The MRID numbers
vauld also be used i developing and submitting an index vf Daeunents, Michael Braverman questioned
I the review time would he mfluenced by an internal reciew versus a contract reviewer | JU was stated
that the trn around 1ime for comract reviewers wias 6 weeks and the ecolagical eifeets studies were
gomg o Ut day. The need to sulf reformat some of the data waiver reguests was also discussed and
Ziefridas Vauzis mentioned the need to better mldress the Eevlogies! Elfeets data wanvers, more
specifically esturme |, marme envirojuments and daphpia. He also mentioned the need to explam why the
avian studly was perfanmed using intratracheal msulfatan and guestioned the applicabibity of the
campliance statement to .5, GLP’s,

Throughaut the discussion the strong destre af both pardes was clearly expressed that the section 3
should be compleied to avaid the need far another EUT. Another EUP would unnecessarily use the
resources of all paracs that are needed 1o be directed ta gettimg the Section 3 finished in x timely manner.
Censidermg the curren! EUP was submiited m January of 2002 snd was not approved until July, 2002 {
since reatments need © be made iy Moy, 1 was ot possible to make treatments ip Texas m 2002 ) there
was concern that a defay m submitting an EUY to cover at feast 41), 006 acres m Arizona may vesult inna
chanue Tor the 2603 scasun.

Label fanguaye was discussed in dewr. Addition of 2,000 acres mn South Texas had resulted m wlt
appeared to hie dispraportionatyly large changes to the labiel fangaage. Soime o 1he language had become
much morc estrictive and canfusing. The meantags of some of the label Tangoage was unclear and EPA
purticipants assured e indusiry representatives that they wauld provide an mterpretmion for the
guestianed portions. 1t was agreed that it shonld be pussible to amend the fabel fur the 2043 seasair even
withoat a new ELP,

The vverall desire to complete the Scection 3 rather than subnitt another EUP was reverberated bt
tempered with the concern over the disruption that would be eansed 1f the Section 3 were not complete,
The general feeling of the Anzone Cotton Research and Protection Council was guarded optinusm based
an a sincere effort expressed by BPPD to conplete the section 3 by February. Consequently the
dectston W proceed with an EUP will depend on reasonable progress on the section 3 coupled with
greater firmness in the proposed campletion date as the review of the taxicology data progresses. Shanaz
Racchus indicated that the toxiealogy reports would be sent ta an external reviewer that day (Navember
7y and that typical time for completing the review time was 4 weeks.

The patential for a condivoual regisiration was also discussed. 1t was agreed than if uncertminfy
develaped alxant carnpletinn of data reviews with sufficient tme o complete the Section 3 {or the 2003
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crop treatments, a conditional regisiration contd alleviate the need for an EUP. The bottom Iine m this
discussion was that 1 15 essential that 2 useable registration be m place for the 2003 season {i.c. by Mur-
Apr 2003). A complete Seciion 3 repisiration ts preferred. However, a conditional registration or
modilied EUP could serve tlie 2003 needs.

Althongh a Section 3 is desired, the timetable for its completion was nat specifically mentinned by
BYPD. Considering this, auswers to the following guestions are needed in order to proceed.

1. M s section 3 registration completion date can not be irmed in the near feture, at what point {what
date 7} does the deeision to move forward with a conditional registration need to be made te allow fora
labcl enabling the use of AF-36 mder 2 conditianal label e May 20037

2.1 a section 3 registration compleiton date can not be Nrmed m the near future, and 1t is decided that a
conditional registration is not an option, ot what poutt {what date 73 does an expanded EUY need to be
submitted o allaw fora label enahbng the use of AF-36 on at least 40, 060 acres in Arizona in May
2003,

Sincerely |
/) }//
| oz Ly gt

Michael Braverman
Biopesticide Caordinator
(R-4 Project

CCq Phil Hution, Shenaz Bacchus, John Koagh, Zigfridass Vaiteszs, Peter Cotty, Fhil Wakelyn, Larry
Antilla, Bob Holm, Jerry Baron, Dan Kunkel
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interregional Research Project No. 4
Cernter for Minor Crop Pest Management

Dr. Janet Andersen June 7, 2002
Biopesticide and Pollution Prevention Division

Environmental Protection Agency

Room 910, Crystal Mall 2

1921 Jefferson Davis Highway

Arlington, Virginia

RE: Aspergillis flavus AF36 PC Code 006456
Minutes of meeting- Section 3 Registration May 30, 2002

BPA Participants- Janet Andersen, P} Hutton, Shanaz Bacchus, Gail Tomimatsu,
Zigfridass Vaituzis, Carl Etsitty

Registrant Related Participants- Peter Cotty-USDA/ARS, Phil Wakelyn, Keith Menchey-
National Cotten Council, Larry Antiila- Arizona Cotton Research and Protection Council,
Chuck Youngker, Arizona Cotton Growers Association, Michael Braverman-IR-4 Project.

Dear Janet:

On behalf of the USDA/ARS, National Cotton Council, Arizona Cotton Council, Arizona
Cotton Growers Association and the IR-4 Project, I wouid like to thank you and your staff for
taking the time to meet with us to discuss the section 3 registration of Aspergilfis flavus AF-36
on May 30, 2002. We were especially impressed with your interest and questions about the
project and its importance to growers and public health. According to my records, the last
Section 3 meeting was held about two years ago on June 27, 2000 (copy attached). It appears that
from that previous meeting it was agreed that the studies needed to complete the registration
package were the toxicology studies, which have now been completed.

Technology Centre of New Jersey
681 U.S. Highway #1 South « North Brunswick, NJ 08902-3390 « 732/932-0575 » Fax: 732/932-8481

FFFE STATE LREVERSITY OF NEW JERSEY

RUTGERS
u“\i«g i &‘n”diiml Heangt 1 1 3




The most important highlights of the current meeting and our understanding of what is needed to
complete the data requirements for Section 3 registration for AF-36 and the timetable for EPA

review of these data are as follows:

™

When formally submitted (and assuming they are acceptable), the mammalian, avian and bee
toxicology studies will essentially complete the data requirements for the section 3 registration.

Many parts of the current label language were developed due to the lack of toxicology data and
if justified, can be modified.

The goal for section 3 registration is February 2003 so that we can avoid the ineffi czency of
having to request and review an additional expansion of the EUP,

The following are our mimutes from the current meeting,

Phil Wakelyn made some opening comments about the importance of this project to cotton
growers and that this was a grassroots effort, made up of direct interactions among growers, gins
and public agencies. The product is manufactured by the Arizona Cotton Research and
Protection Council (a component of the Arizona Department of Agriculture) and distributed
directly to growers, He also highlighted the fact that there are no chemical alternatives to
aflatoxin management and the agricultural industry welcomed an effective blOpCSthlde solution.

EPA appreciated the inmovative approach and direct grower imvolvement.

Larry Antilla talked about the building of the production facility in Arizona over the last 3 years
and that about 46,000 acres had been treated. Case studies of aflatoxin reduction figures on
several farms were reviewed. One farm with approximately 1,000 acres of cotton had previously
never been able 1o produce cottonseed below 20 ppb. In 2000,.that farm produced seed with
acceptable aflatoxin contents (<20 ppb) on 82% of its 17 treated fields and in 2001, 86% of
treated fields produced cottonseed with acceptable aflaloxin contents. Cliuck Younger gave a
personal perspective on the aflatoxin problem in Arizona and noted that growers have committed
$2.4 million dollars to the research program. In addition, it was pointed out that the only means
of mitigation for liigh aflatoxin levels in seed involves the injection of anhydrous ammonia,

which is caustic and poses human health risks.

There was a general discussion of the toxicology data {(which was unofficially submitted in early
May). It was generally agreed that the Tween 80 used in the first manunalian study was
responsible for some effects that were not related to AF36 which was confirmed by the second
study. The toxicology data constitutes the remaining portion of the registration package to be
submitted and must be officially subinitted before being considered.

Many parts of the current label language were developed due to the lack of toxicology data and
if justified, can be modified. The combination of acceptable toxicology data , the lack of an
increase in total Aspergillus and a reduction in aflatoxin producing spores all contribute to a
favorable risk profile due to no change in exposure combined with reduced hazard of AF-36 the:
spores to the environment. Some of the more specific parts to be considered included adding a
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statement that AF36 can be applied to irtigated fields, removal of the buffer statement, wind
direction statement, modification of the 12 month storage statement, statement related to

mmducing vomiting, and perhaps some others.

There was general discussion about the distribution of the § strain of 4. flavus with regard to
areas that the section 3 registration would include. Imitially the registration would cover Arizona

and Texas.

In the final topic of discusston Phil Hutton questioned the need for a genetic marker test. He
deferred this to John Kough (one of the science reviewers not at the meeting). Peter Cotty
reviewed comments and data previously submitted on the reliability of the vegetative
compatibility test and the stability of AF36 as a genetic group and its frequent occurrence in the
environment and explained the history and reliability of the vegetative compatibility method. He
indicated that redundant Vegetative Compatibility Testing (VC testing) was a component of the
quality control procedures previously submitted and used in the manufacture of Aspergilius
flavus AF36. Personnel are readily trained to perform VC testing and thousands of such analyses
are performed annually in order to assess efficacy of AF36 treatments. A DNA based technique
could not be practically applied in as robust a manner. Janet Andersen mentioned that a lot of
additional knowledge had been collected since the time the genetic marker test was suggested
and that the redundancy of the QA/QC was probably adequate. Janet also suggested that we try to
submit most of the information in electronic format in addition to the hard copies to facilitate

review.

Now it is up to us to get all of the data in for review so that our goal of section 3 registration by
February 2003 can be achieved. While we were previously unaware that this was classified as a
public health issue we assume that should add weight to the benefits consideration and prontize

its importance in the review process.

Sincerely,

v/

Michael Braverman, Ph.D

Biopesticide Coordinator

TR-4 Project, Rutgers University
Technology Centre of New Jersey

681 U.S. Highway 1 South

North Brunswick, New Jersey 08902-3390
Tel (732)932-9575 ext 610

FAX (732)932-8481
braverman@aesop.rutgers.edu

cc: Phil Hutton, Shanaz Bacchus, Gail Tomimatsu, Zigfridass Vaituzis, Carl Etsitty, John Kough
Peter Cotty, Phil Wakelyn, Keith Menchey, Larry Antilla, Chuck Youngker, Bob Holm
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~E2 Agriculture Service Research Center New Orleans, Louisiana
70179-0687

June 23, 2000

Ms. Shanaz Bacchus
Regulatery Action Leader
USEPA, BPPD/OPP (7511C)
Crystal Maill #2, Room 802
182 1Jeffersion Davis Highway
Arlington, VA 22202

Phone: 703-308-8097

FAX: 703-308-7026

Dear Ms. Bacchus;

Dr. W. L. Biehn of the IR-4 project asked me fo send a copy of the enclosed
manuscript by courier for delivery on Monday June 26%. This manuscript is a
preliminary draft that we hope to refine for submission for publication in the next
few months. | will discuss aspects of the studies covered by the manuscript in
our meeting on June 27", 1 look forward to our discussions on Tuesday.

Best Regards.

Sincerely,

Food and Feed Safety Research

ENCLOSURE
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AGENDA
EPA PREREGISTRATION MEETING

MICROBIAL PRODUCT: ASPERGILLUS FLAVUS AF36 ON COTTON IN ARIZONA

Tuesday June 27, 2000 at $826=2% /100 Prq wiF bl

Room G912
EPA Crystal Mall #2
1921 Jefferson Davis Highway, Arlington, VA

1. Introductions
Dr. Phillip J. Wakelyn

o 2. Airborne spore counts of Aspereillus flavus in treated and untreated fields
Dr. Peter Cotty . _ .

3. Aspergillus flavus in Natural Habitats
Dr. Peter Cotry :

4. Toxicity testing and other data needed for registration
a) Acute Pulmonary Toxicicy/Pathogenicity Requiremnent in Mammals
b) Avian Acute Oral Toxicity/Pathogenicity Requirement
¢} Avian Acute Pulmonary Toxicity/Pathogenicity Requirement
d) Honey Bee Testing Requirement

5. Other itemns
a) Options for use and testing of AF36 in the year 2001 in Arizona

b) Discussion
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Epidemiology of Aspergilius flavus in Arizona
Initial Draft of a Manuscript in Preparation for Publication
Seasonal changes in the quantities of Aspergilius flavus and other propagules in the air over

Arizona cotton fields

'C.H. Bock and P.J. Conty
USDA-ARS -SRRC, 1100 Robert E. Lee Boulevard, New Orleans, LA 70124. 'Current address
of first author: Centre for Plant Biodiversity Research, CSIRO-Plant Indl.istry, GPQ 1600,

Canberra, ACT 2610, Australia.

ABSTRACT
Airborne Aspergillus flavus was monitored continuously with two Burkard cyclone samplers
from May 1997 to March 1999 at twlo sites in Arizona surrounded by commercial agriculture.
One sampler was initially at the center of 65 ha of cotton treated June 2, 1997 with an atoxigenic
vegetative compatibility group (VCG) of 4. flavus and the second sampler was about 1 km from
the treated field. Both fields went through typical crop rotations. Propagules mn the size range of
conidia were collected by the cyclones at levels comparable to those coliected by impaction onto
0.8 um pore membranes. Quantities of both total fungi and 4. flavus did not differ (P=0.05)
between the two sites. Total fungal propagules ranged from 17 to 667 m‘3 and from 9 to 1,277
md, at the non-treated and treated sites respectively. Counts of A. flavus ranged from <1 to 406
'm-3 and <1 to 416 m’ and A. flavus comprised 1 1o 46% and <1 to 51% of the to£31 cultured
fungi at the two sites, respectively. Peaks in both total fungal propagules and 4. flavus
propagules coincided with area-wide boll maturation and cotton harvest (Julian day 251-321).
The S stratn was most frequent between May and Augusi. In other months, the L s&ain
accounted for up to 100% of the A. flavus sampled. The applied VCG accounted for 0-47% of
the L strain at the untreated site and 5-75% at the treated site. The applied VCG was a greater
proportion of 4. flavus at the treated site than at the non-treated site (P=0.01). Medified rotorod
samplers collected viable 4. miger, but little 4. flavus. Large quantities of A. flavus occurred in

the soil (up to 34,474 propagules g™ of cotton fields and on cotton plant parts and debris (up to

| Bock and Cotty
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Epidemiology of Aspergifius flavus in Arizona

Initial Draft of 2 Manuscript in Preparation for Publication
272,461 propagules g ') adjacent to the cyclone samplers. These data suggest that 4. flavusis a
méjor constituent of the air associated with cotton fields in southwest Arizona at certain times of
the year. Although application of atoxigenic A. flavus altered the proportion of strains and VCGs
in the aerial mycoflora, it did not alter the total quantity of A. flavus. Dispersal of 4. flavus
between fields suggests atoxigénic fungi will be most effective in area-wide management
programs.

Additional keywords, aflatoxin management; agricultural dust.

Aspergilius flavus Link can infect cottonseed and other food and feed crops under specific
environmental conditions {Deiner ef al., 1987). Concern for 4. flavus infections largely stems
from fungal production of aflatoxins, potent natural carcinogens. To minimize the risk of roxin
carryover to man or livestock, crop aflatoxin content is strictly regulated in many countries (Park
et al., 1988).

One approach to limit aflatoxin contamination in cottonseed is application of strains of A.
Jlavus that do not produce aflatoxins (atoxigenic strains) to competitively exclude the aflatoxin
producing strains (Cotty, 1992; 1993; Cotty, 1994a). One atoxigenic strain is being tested under
an EPA approved experimental use permit (69224-EUP-1) on farms in southwest Arizona to
assess efficacy in controlling aflatoxin contamination of cottonseed in field scale systems.
Atoxigenic strains of 4. flavus have been effective in experimental plots with peanut (Domer ef
al., 1992}, corn (Brown ef al., 1991, Domer, 1999), and cotton (Cotty, 1994a).

Although aflatoxin contamination is reduced by application of atoxigenic strains (Cotty,
1994a), there is no basis on which to gauge the overall effect of treatments on quantities of 4.
flavus propagules in the air. Furthermore, the seasonal dynamics of airbore A. f7avus in cotton
production in southwestern Arizona has been incompletely described. Atoxigenic strain
applications seek to competitively exclude afiatoxin producers and optimal application of the
biocontrol agent is dependent on the community dynamics of aflatoxin-producing 4. flavus

2 Bock and Cotty
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Epidemiology of Aspergillus flavus in Arizona
Initial Draft of 2 Manoscript in Preparation {or Publication
strains. Lack of information on seasonal dynamics of air-borne conidia of 4. flavus precludes a
rational approach to delimiting optimal periods over which fields may be treated. Dispersal of
an atoxigenic strain prior to the presence of aflatoxin-producers i the air flora will give the
biocontrol agent preferential exposure to potential food sources and thereby increase its
biocompetitive potential.

In general, there is little information on seasonal changes in aerially dispersed A. flavus
propagules in agriculture. Epidemiological studies have investigated influences of factors on
infection of and aflatoxin formation in cottonseed, (Ashworth ef al., 19692; Ashwérth etal.,
1969b; Ashworth et al,, 1971; .Marsh et al., 1973; Diener et al., 1987; Lee et al., 1989) and the
production and dispersal of propagules at specific times in cotton (Lee ef al., 1986) or in other
crops (Bothast et al., 1978; Holtmeyer and Wallin, 1980; Holtmeyer and Wallin, 1981; Olanya er
al., 1997). Peaks in quantities of 4. flavus are found in summer months, but previous studies
have not described annual cycles of A. flavus in the air spora. The quantity of 4. flavus in the air
in relation to other fungal propagules in cultivated desert environments of southwest Arizona is
also unknown, although A. favus is a major constituent of the airspora in other environments
(Morrow et al., 1964). Dynamics of interactions ameng air-borne fungi have not been
investigated.

In order to expand available nformation on characteristics of production and dispersal of
conidia of 4. flavus in southwest Arizona we sampled air for rnicrobiologicai propagules for two
years at two sites approximately 1 km apart. Fields swrrounding one site were initially planted
with cotton and treated with an atoxigenic strain of 4. flavus. Fields surrounding the second site
were r’10t treated and initially planted to barley. Information on fungal dynamics of value in
developing application strategies for the aflatoxin biocontrol agent in cotton-producing regions

of Arizona were sought.

3 Bock and Cotty
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Epidemiology of Aspergifius flavus in Arizona
Initial Drafl of a Manuseripi in Preparation for Publication

MATERIALS AND METHODS

Cyclone samplers. Two Burkard Cyclone Samplers (Burkard Manufacturing Co. Ltd.,
Rickmansworth, Hertfordshire, England) were operated continuously from May 1997 to March
1999 (Fig. 1). One sampler was initially in the center of 65 ha of cotton treated with atoxigenic
A. flavus (strain AF36; Cotty and Bayman, 1993) in 1997 (June 2). The field (16 ha) southeast
of the sampler was also treated in 1996. The second sampler was about | km from the nearest
treated field (Fig. 2). Fields surrounding the samplers remained in commercial agriculture and
were rotated through several crops (Table 1).

The Burkard cyclone sampler operates by drawing air through an orifice at a rate bf 1651
min” and élepositing the particles in still air in a microfuge tube at the base of the cyclone
stream. Sampler performance was monitored with a hot wire anemometer (Model HHF351,
Omega Engineering, Stamford, CT) to ensure air was drawn at the correct rate. Particle size
sampling efficiency has been characterized (Emberlin and Babooman, 1995} and is excellent for
particles with the size range of 4. flavus spores (3-10 um). In this stu.cly samples were taken
weekly and each sample was weighed, suspended in sterile distilled water, dilution plated on
agar media, and incubated at 31 C. Total colony forming units {(CFUs) of all fungi and the
number of A. niger colony forming units (CEUs) were counted on PDA and 5/2 agar (Cotty,
1989), and the number of A. flavus colonies was counted on modified rose bengal (MRB) agar
(Cotty, 1994b). PDA and 5/2 agar were amended with streptomycin (0.05 g "'} and
chloramphenicol (0.05g ™). Fungal propagules m'3 air were calculated. For comparisons
between total fungi and quantity of 4. flavus counts based on the 5/2 plates were used. Bacterial
colony counts were made on unamended nutrient agar. After sub-culturing on 5/2 agar for 7
days at 31 C all 4. flavus isolates were assigned to either the S or L strains on the basis of
morphological criteria (Cotty, 1989). A total of 3,307 4. flavus isolates (¢.25 per sample) were
sub-cultured and characterized to strain. The proportion of A. flavus accounted for by the

applied atoxigenic strain was estimated by vegetative compatibility group (VCG) analysis
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(Cotty, 1994a) of the first 20 L isclates sampled every 4 weeks (720 isolates total). The growers
provided cropping history of the four 40-acre fields immediately adjacent to each sampler.

The size range of pérticlcs sampled by the cyclone sampler was determined microscopically
{Olympus X100 S Pian, dry objective, ocular micrometer) for seven separate samples. The
sample was suspended in sterile distilled water and the first 100 particles observed during an 80
pm-wide transect across the slide were measured. In a similar manner, conidia from 7-day old
cultures of 4. flavus (AF36) grown on 5/2 agar were measured to ensure conidia o_f this isolate
fell within the size range of the particles being sampled by the Burkard cyclone sampler. The
length and width of both fresh conidia suspended in sterile distilled water, and conidia dried in
an oven at 50 C for 4 h were measured. Dried conidia were dusted directly onto siides.
Coverslips were used. Conidia were dried prior to measurement in an attempt to simulate
dehydration of conidia in the Sonoran-desert of western Anizona.

Filter membranes were used to further characterize propagules of A, flavus sampled by the
cyclone sampler. Two samples were suspended in 5 ml sterile distilied water and repeatedly
filtered through polycarbonate screen membranes (Poretics Corporation, Livermore, Califomnia)
with decreasing pore size {control - not filtered, 20, 12, 5, and 3 um pore size). These filters are
perforated with precise pore size and have sharp cut-off retention characteristics (Ballew, 1997).
The proportions of A. flavus propagules passing through each filter were determined by dilution
plate technique. |

Filter impactidn. To compare efficiency of sample catches of the Burkard cyclone sampler
with a membrane impaction technique, air pumps (12 v DC, P/N MTR1002, Gast Manufacturing
Corporaticn, Benton Harbor, Michigan) fitted with membrane based field monitors for
contamination analysis (pore size 0.8 um, Millipore Corporation, Bedford, Massachusetts) were
operated at 16.5 L min ™' alongside the cyclone samplers for different periods. Afier sampling,
the filter was removed and washed three times in 2 ml sterile distilied water, T&ce 0.1-mi
aliquots of each washing were plated onto MRB. The membrane filter was also placed face up

on the agar. The quantity of 4. flayus m™ air sampled was calculated. A cyclone sampler was
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operated simultaneously with the impaction samplers and the cyclone samples were processed as
previously described except the sample was suspended in 0.5 ml sterile distilled water and the
entire volume was plated. Compa.risons were made on three dates. For each date, three replicate
samples were taken. Replicates consisted of one cyclone sample and three impaction samples
taken simultaneously.

Rotorod samplers. The efficiency of rotorod samplers (Perkins, 1957} in collecting 4.
Jflavus propagules was also tested. Due to the inherent difficuity of identifying A. flavus based on
spore morphology, modifications to aliow culturing of the fungus were necessary. The usual
“sticky’f impaction surfaces of vaseline or silicone grease generally used for entrapping spores
may be toxic to fungi and are not soluble in water and thus are not readily amenable to dilution
plate technique. A water-soluble material was developed. A mixture of carboxy-methylene
cellulose (CMC, 14 g), Glycerol (20 mi) and water (40 ml) formed a stiff, tacky grease that
spread evenly on 0.1 cm dia. quartz glass collecting rods (Friedrich and Dimmock Glassworks,
Millville, New Jersey). The coating was applied by sliding the rod between index finger and-
thumb, On plastic or metal the coating coalesced, preventing even distribution on the sampling
face. Sampling characteristics were compared with silicone grease by operating the rotorods in
flow hoods while gently tapping an upturned plate to dislodge conidia. One rod was coated with
the CMC coating, the other with silicone grease. The rods (2.5 cm long) were removed afier
operation and the number of conidia sampled counted on each rod. The glass rods (16 cm apart)
were placed in | mm holes drilled in the ends of the plastic tube of a ball point pen. Locking
nuts were glued on the end and used to hold the rods in place. Attached to the center of the
plastic tube was the bevel with lock nut to attach the tube to the motor spindle. The apparatus

rotated at 3000 rpm.
For field sampling the rotorod motors (12 v DC, Model Number 2M197, Dayton Electric

Manufacturing Company, Niles, [llinois) were supported within 10 cm (internal diameter)

polyvinylchloride pipe joints (Fig. 3). Three motors were placed on each pipe by using a four-
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way pipe split with 50 cm sections of tube placed in the horizontal outlets and motors placed in

the open ends of the pipes. Thus each experiment had three replications. The base of the piping

‘was buried in the ground. Sampling period was investigated by operating the motors for 2 and 4-

h periods. This was repeated twice. In addition samples were taken at different locations and

times.

Weather data. Weather data was obtained from the Roll station of tﬁe Arizona
Meteorological Network (AZMET) at http://ag.arizona edwazmel/24himi (files 2498ew.txt and
2499%ew.txt). Details of the equipment and measurement protocols used at the Roll station may
be found a’t this site. The mean weekly data for temperature (maximum, minimum, and mean};
rainfall and humidity were used to describe the weather conditions for the duration of the

sampling period from May 1997 to March 1999.
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Soil and surface samples. In late June and October of 1997 samples of soil, leaves, leaf
litter, and boll material were taken from fields adjacent to the cyclone sampler in the treated area.
Five replicate samples were taken at random points within 50 m of the sampler. Soil samples
comprised the surface 2-3 mm of soil scraped from a 2 m length of row. The lower and oldest
leaves (100 g) were collected in June and in October chemically defoliated (as per normal
commercial practice) leaves (100 g) were collected from the ground. Boll samples (20
bolls/sample) were taken at random locations within 30 m of the sampler. In June bolls were
imature and unopened. In October bolls were fully mature and open. Samples were taken
from the middle to bottom of the canopy.

In June and October of 1998, soil samples were taken from the four fields surrounding each
cyclone sampler. Samples were taken along a diagonal across each field starting at that site’s
sampler at 25, 50, 150, 250 and 400 m, as described above.

Soil samples were mixed thoroughly and a subsample (5-20 g) was suspended in 50 ml
sterile distilled water, agitated vigorously for 10 min, and subjected to dilution plate technique on
MRB agar. Leaf material (5-8 gin ?.IOO ml), leaf litter (5-17 g in 500 ml) and bolls/locules (10-
25 g in 500 ml) were processed similarly. CFUs of A. flavus were counted and CFUs g™ of
material calculated. Strain (3/L) composition and the proportion of the L strain in the applied

VCG was estimated as for the cyclone samples.

Data analysis. Data was analyzed using Statistica V3.0 and SAS V8.0. Comparisons

between microbe counts at treated and untreated sites were with t-tests. These included

quantitative comparisons of total fungi, 4. flavus, A. niger, bacteria, S strain, and the applied
atoxigenic VCG. Correlation analyses were used to relate total fungal propagules with those of
A. flavus, and to investigate the relationship between rotorod sampling methods (silicon grease

vs CMC). Analysis of variance was used to test all multiple comparisons {catches of 4. flavus by
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filter impaction vs cyclone sampler, catches of 4. flavus by rotorods, and propagule counts and
characteristics from soil, bolls and leaves). Tukey’s HSD test was used to separate the means.
Standard deviations were calculated for the size ranges sampled by the Burkard cyclone

samplers, and the numbers of CEUs obtained after filtering the cyclone sampler catches.

RESULTS

Cyclone samplers. The MRB agar tended to grow more A. flavus colonies than either the
PDA or 5/2 media (Table 1). However, except for the PDA vs MREB at the untreated site, t-tests
showed no significant differences, probably on account of the large vanances associated with
each of these samples. Counts of total fungal propagules were made on 5/2 (a mean of 139.5 and
120.3 propagules m” at the treated and untreated sites, respectively) and PDA (a mean of 119.8
and 89.6 propagules m” at the treated and untreated sites, respectively). As there was no
significant difference between the counts on the two media (t-test, P=0.05), only those for 5/2 are
presented.

The weight of material collected by the cyclone samplers varied from 0.001 g to 1.0018 g per.
sampling period (Fig. 4A). However, the quantity exceeded 0.2 g on only two occasions.
Numbers and characteristics of propagules sampled from the two sites were similar (Fig. 4B).
During 1997 (May-December) the total fungal propagules collected at the non-treated site ranged
from 17 to 667 m‘a, and at the treated field from 9 to 1277 m'J. Dufing 1998-99 (January 1998 —
March 1999) total fungall propagules ranged from 2 to 652 and 2 to 412 propagules m'j,
respectively at the two sites. Over the same time periods counts of 4. flavus in 1997 ranged from
<1 to 406 and <1 to 416 m-3 at the treated and untreated sites respectively, and in 1998-9 the
numbers ranged from <1-361and <1-117, at the two sites respectively. On 5/2 agar 4. flavus
comprised <1 10 46% of the total cuitured fungi at the untreated site and <1 to 51% at the treated
site in 1997 (Fig, 4C), and <1to 41% of the total cultured fung: at the non-treated site and‘*:i to
44% at the treated site in 1998. Greatest numbers of both total fungal propagules and A. flavus

propagules occurred between JD 177 in 1997 t0 JD 43 in 1998 and JD 191 in 1998 t0 JID 8 in
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e
1999. In both yéars the peaks coincided with JD 251-32. \;’ery low numbers of all propagule
types were sampled between mid January and May (sample weights at these times also tended to
be lowest). .

There were no significant differences (t=ns, P = 0.05) between the two sites in either mean
‘number of total propagules m™ nor propagules of 4. flavus m>. A mean of 139.5 and 120.3 total
fungal propagules m™ were sampled at the treated and untreated sites respectively (t=ns, _
P=0.03). Aspergillus flavus propagule counts were 28.6 and 29.7 m” at the treated and untreated
sites, respectively {t=ns, P=0.05). Differences between catches at the two sites in %he quantity of
A. flavus were not detected following apj)lication of the atoxigenic VCG. The quantity of 4.

Slavus collected by the treated site sampler in 1997 (JD194-343) differed from that collected in

1998 (JD 194-341) (100.2 versus 19.3 propagules m™, t=2.4780, df=17, P=0.01). All four fields ™ @y+i
( N—L,.;v
surrounding the sampler at the treated site were rotated from cotten in 1997 to wheat in 5@
VN

December 1997 and then to lettuce during the 1998 period in question. At the untreated site
samplings did not differ between these two periods (53.3 propagules m™ and 54.2 propagules m’
? t=ns, P=0.5). These relationships were similar for total numbers of propagules collected
(314.3 and 103.1 propagules m” at the treated site in 1997 and 1998, respectively, t=2.5603,
df=17, P=0.01, and 194.8 and 99.8 propagules m” at the untreated site, t=ns, P=0.05,
respectively).

Correlation analysis showed a strong correlation between total number of fungi sampled and
the number of 4. flavus propagules at the treated site (r=0.9515, 152 df, P<0.001). Atthe
untreated site there was also a positive correlation (r=0.2294, 152 df, P<0.05), although it was
less pronounced. Thus conditions favoring production and dispersal of A. flavus were conducive
for other fungi which increased in number at similar times.

Aspergillus niger propagules were also collected throughout the sampling period. Counts of
A. niger were made on 5/2 (a mean of 33.9 and 23.9 propagules m™ at the treated and untreated
sites, respectively) and PDA (a mean of 26.2 and 21.1 propagules m™ at the trgafecl and untreated

sites, respectively), as the MRB inhibited growth of A. niger. As there was no significant
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difference between the counts on the two media (t=ns, P=0.03), only those for 5/2 are given. The
counts followed trends similar to 4. flavis with peaks of catches occurring during summer and
autumn and with very low numbers during the winter. Propagule numbers of A. niger ranged
from 0-273 propagules m™. The relative proportions of 4. niger and A. flavus are shown in Fig.
4D. Qver the sampling period there were no significant differences (t=ns, P = 0.05) between the
two sites in mean number of 4. niger propagules m™. However, the quantity of 4. niger
collected by the treated site sampler in 1997 (JD194-343) differed from that colleqted m 1998
(ID 194-341) (133.2 versus 15.7 propagules m™, t=4.2813, df=12, P=0.001). The quantity of 4.
niger collected by the untreated site sampler in 1997 (JD194-343) also differed from that
collected in 1998 (01 194-341) (62.7 versus 18.7 propagules m”, t=2.5962, df=17, P=0.009).

Large gquantities of bacteria were sampled throughout the two-year study (Fig 4E). The

number of bactenal propagules exceeded fungal propagules at all times ranging between ca,

- 5000 and over ca. 50000 propagules m™. The counts appeared to be greater in the summer

periods, with lower numbers sampled during the winter. There were no significant differences

between the two sites in mean number of bacteria m™ (2207 and 2364 propagules m™

sampled at
the treated and untreated sites respectively (ns, t=test, P=0.05). The quantity of bacteria |
collected by the treated site sampler in 1997 (JD194-343) differed from that collected in 1998
(JD) 194-341) (1882 vs 768 propagules m™~, t=2.2433, df=19, P=0.018). However, the quantity of
bacteria collected by the untreated site sampler in 1997 (JD194-343) was not significantly
different to that sampled in 1998 (JD 194-341) (4195 versus 2333 propagules m?, t=ns, P=0.05).
Other fungi (including Fusarium spp., Alternaria sp. and Cladosprium sp.) were sampled but
counts and identifications were not made on these species which were generally individually less
numerous than either 4. flavus or 4. niger.

Both S and L strain isolates of 4. flavus were detected at both the treated and untreated sites
(Fig. 3A). Overall, there was a greater proportion of the L strain at the treated site (80.2%)
compared to the untreated site (68.5%, t=2.5390, 135 df, P=0.006). There was distinct

seasonality in the incidences of the S and L strains with the L strain most abundant from
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September through December. At the treated site 81.3% and 74.3% of the 4. flavus was L strain
between JD 147 and 360 in 1997 and 1998, respectively (t=ns, P=0.03), and at the untreated site
over the same period 68.9 and 63.1% was L strain, respectively (t=ns, P=0.05). Greatest
quantities of S occurred between May and August both years (35.7-96.0% S (1997) and 28.0-
100% S (1998) at the untreated site and 4.5-100% S (1997) and 16.7-84.0% S (1998) at the
treated site). The pl-"oportion of S at the treated site between May and August (JD 147-243) in
1997 (30.5%) differed from that present between September and December (JD 148-365)
(3.9%), (t=4.16, 14 df, P=<d.001). Similar differences occurred in 1998 (38.6% v.ersus 15.5%,
t=2.96, _19 df, P=0.004) at the treated site and in both years at the untreated site (54.?% VErsus
5.41% in 1997 (t=6.2410, 13 df, P=<0.001) and 56.5% versus 17.2%, in 1998 (+=4.88, 17 df, el
P=<0.001)). The applied atoxigenic VCG belongs to the L strain, and accounted for 0-47% of
the total L strain sampled at the non-treated site, and 5-75% at the treated field (Fig. 5B). The
applied atoxigenic VCG was more prevalent in the air at the freated site than at the untreated site
(t=-3.2041, 32 df, P<0.01).

Cropping history. During the sampling peniod various crops were grown in the fields

adjacent to the two cyclone samplers (Table 2). At the treated site the four fields surrounding the

sampler were rotated from cotton to wheat and then to lettuce and back to wheat. Cotton was

By

only present at the treated site during 1997. All four fields swrrounding the sampler at the e
untreated site were rotated from barley to cabbage and then to cotton followed by wheat. The
two sites only had the same crop (wheat) from December 1998 through March 1999. During the
1998 sampling period the non-treated site was planted to cotton, although the early cotton season
was very cool resulting in poor crop development and one of the lowest yielding Anizona crops
in history.
Weather data. Data from the AZMET station at Roll (Fig. 6) indicate that in both 1997 and
1998 maximum daytime temperature was greatest during the summer between JD 100-300 (St)-
45 C). The minimum temperature did not fall below 10 C and was generally above 15 C.

Rainfall was scattered scantily throughout the sampling period with showers rarely exceeding |
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cm. Maximum relative humidity ranged from 50-100% and tended to be higher during the
winter. All crops in Western Arizona are irrigated and irrigation may have exerted greater
influence than rain on the microbial communities sampied.

Particle size. Sizes of particles collected by the Burkard cycione sampler during this study
and measured microscopicaily are summarized in Fig. 7. Particles from ! umto 2.5 pm
occurred at the greatest frequency. Although observed particle sizes ranged from <1 pm to >30
um. A few larger particles were occasionally observed, although not in the samples examined
microscopically. These larger particles were generally whole insects or insect par:cs that were
entrapped 1n the sampler. Microscopic examination revealed both organic (spores, plant and
animal debris) and inorganic particles (dust, sand). Most propagules of 4. flavus were within the
range expected for conidia (Fig. 8). Few propagules passed through pores of 5 um or less, but
the quantity that passed through 12 pm pores was not significantly different from the control.

Size of ASpergiHu.é flavus spores. Seven-day-old conidia of the applied atoxigenic VCG
grown at 31 C on 5/2 agar were spherical and ranged from 3.2 pm to 5.2 um in diameter. Oven
dried conidia were ovoid and crumpled and ranged from 2.4 pm to 5.6 pm x 1.76 pm to 3.6 um.

Cyclone versus impaction sampler. The number of propagules sampied by impaction onto
filters versus by the cyclone sampler ts shown in Table 4. Analysis of variance did not indicate
differences between the quantity of conidia sampled by the two methods for any of the sampling
dates. However, there was great variability amohg samplings possibly reiated to the short |
duration of the sampling period (2 hr).

Rotorod samplers. In lab studies the C.MC-glyccrol coating was apparently as effective as
the silicone grease at entrapping conidia of 4. flavus (Fig. 9A and B). An analysis of variance
showed no difference in the number of conidia sampled using the two coatings, and there was a
positive correlation between values for the two coati.ﬁgs for both the quantity of conidia sampled
(0.7322, P=0.01) and the frequency of encounters with conidia (0.9501, P=0.001). Cluster sizes
of conidia sampled were comparable under both conditions (Fig. 9C). However, viability of

conidia sampled in the lab was not quantified. In the field, a time period of exposure test showed
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that overloading of the rotorods probably occurred after 2 h sampling {(Table 5). In both
sampling period tests the 4 h period sampled fewer propagules m™ than the sum of the
consecutive 2 h sampling periods. Although propagules of various fungi {(4/ternaria,
Cladosporium and Aspergillus spp) were consistently sampled, there were few encounters with
viable propagules of 4. flavus at these times. Only 4. niger was sampled consistently, however,
at different sampling times the quantity of viable propagules sampled varied substantially from
<1-56 propagules m™.

Soil, leaf and debris population counts. In 1997 quantities of 4. flavus on cotton leaves, in
soll, a.nq on bolls were compared at the treated site in June and October (Table 6). Analysis of -
variance indicated differences among substrates in both number of propagules {F=4.35, P=0.006)
and the prevalence of S-strain propagules (F=676, P<0.0001). Leaf-litter had the most 4. flavus
(2.7 X 10° propagules g ), and the greatest proportion of S strain (17.3%). Bolls also had large
quantities of A. flavus propagules (6.9 X 10>-1.5 X 10* propagules ¢g”). In 1998 only soils at the
treated and untreated sites were comp'ared (Table 7). The nurmber of soil propagules and the
proportions of both the S strain and the applied VCG differed significantly (P<0.001, ANOVA)
between sites. In June there was a mean of 229 propagules g™ soil at the treated site, but by
October there were only 38 propagules g of soil. However, at the untreated site propagules per
gram shifted from 418 in June to over 1.6 X 10* in October (Table 7). In October the treated site
was in lettuce and the untreated site was in cotton (Table 2), In 1997, the S strain was not
detected in soil from the treated site and the S strain composed just over 1% of isolates recovered
from any substrate at that site. The S strain was more common at the treated site in 1998 with
14% of isolates belonging to the S strain in June compared with 67% at the untreated site, At the
treated site in 1997, the applied VCG accounted for 92.7% and 81.3% of the L strain isolates in
June and October, respectively. In 1998 the proportion was 81% in June and 66% in October.

At the unireated site in 1998 the applied VCG accounted for 43% and 33% of the L strain in June

and October, respectively (Table 7).
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DISCUSSION

This study describes the dynamics of air-bome microbial propagules in cultivated desert
regions of southwestem Arizona. Emphasis is placed on 4. flavus and influences on the air flora
of applications of an atoxigenic 4. flavus VCG currently used for aflatoxin management in
Arizona. Various aspects of the dispersal pﬁase of the epidemiology of A. flavus in several crop
systems and enviromments have been inveétigated (Morrow et al., 1964; Holtmeyer and Wallin,
1980 and 1981, Olanya et al., 1989), and some prior informlation on aerial dispersal of A. flavus
in Arizona is available (Lee et al,, 1986)., However, this is the first time the year~r‘ound )
characteristics of air-bormne propagules of 4. flavus have been described in an agricultural setting
during seasons when epidemics of aflatoxin contamination of a crop occurred. In both seasons
cottonseed produced throughout this local region experienced aflatoxin contarninatio.n at
economically damaging levels (Cotty, unpublished data). The severity and distdbution of
aflatoxin contamination within this area in 1995 and 1996 has been detailed (Bock and Cotty,
1999). The current study shows A. flavus is a major component of the air around cotton fields of
southwestern Arizona during the summer and autumn periods and it is a common component of
air around rotation crops as well. Various other fungi {(Fusarium spp., Alternaria spp. and other
Aspergillus spp.), and bacteria are also common constituents of the air surrounding agricultural
fields in this area.

Aspergillus flavus was counted on a selective medium (MRB) to ensure detection of the
maximum number of 4. flavus propagules. The other fungi (including 4. niger) did not have this
advantage and thus .they were undoubtedly undercounted. Indeed, fewer 4. flavus propagules
were detected on either 5/2 or PDA that on MRB. This agrees with a previous report on A.
Sflavus isolation using MRB (Cotty, 1994b). There are probably large numbers of fungi that were
either unculitivable on the media we employed or were competitively excluded from the culture
plates by more aggressive species. We incubated our isolation media at a relatively high
temperature (31 C) that may have been inhibitory to many fungal taxa, particularly those that

thrive during the winter when our counts of fungi were low.
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Lee et al. (1986) previously found large quantities of airborne 4. flavus propaguies associated
with cotton production on imdividual sampling dates in July to September. However, the Lee
study had highly variable results, perhaps associated with the brief sampling periods allowed by
the Anderson sampler used in that study. In the current study, peaks in total fungal propagules,
including 4. flavus and 4. niger, occurred between JD 251-321 (September to November),
“Shoulder” periods with fewer propagules occurred before and after these dates. The peak
periods for catches of all microorganisms were associated with extensive, valley-\yidc cotton
harvest activity and subsequent cultivation associated 'with stalk-shredding and plow-down
(mandated for insect control) and preparation of soils for winter produce crops. Chemical
defoliatior}, harvest, and plow-down create a huge source of organic debris, which support fungal
growth. In Arizona, during these periods, temperature maxima frequently exceed 30 C and
temperatures remain for most of the day in a range favorable to growth of 4. flavus (Ashworth et
al., 1969; Ayerst, 1969; Marsh et al., 1973; Diener et al., 1987) and similarly adapted fongi.
Aflatoxin contamiﬁation of cottonseed is particularly common in high temperature regions
(Marsh et al., 1973). Sufficient moisture for fungal reproduction, infection, and aflatoxin
contamination may be readily available from late season irrigation, rainfall and dew (Bock and
Cotty, 1999; Russeil et al,, 1976).

Cotton is an indeterminate plant and in Arizona where long-season cotton is commen, the
earliest bolls may mature and open months before the crop is harvested. Large numbers of 4.
flavus propagules were caught during the periods of cotton boll formation, maturation, and
harvest. Prevalence of inoculum does not appear to limit cottonseed infection during these
periods. Thus, in Arizona, predisposttion of the crop is apparently more important than presence
of inoculum in dictating which bolls become infected. In the first phase of contamination
(during boll development; Cotty, 1997) bolis are typically predisposed by insect damage (Cotty

and Lee, 1989). During the second phase {afier boll maturation) predisposition occurs when the

_crop is exposed to warm moist conditions (Ashworth et at,, 1969, 1965 and 1971; Dieneret al,,

1987; Cotty, 1991). The large quantities of conidia in the air observed in the current study
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provide constant exposure of open bolls to increasing loads of 4. flavus propagules. As crops are
held in the field later in the season, there are increasing opportunities for crop predisposition to
infection by exposure to humidity events during high temperature periods. This may explain the
greater aflatoxin content observed in crops harvested later in the season (Bock and Cotty, 1999).
Indeed, the large quantities of 4. flavus observed later in the season support the view that later
harvests suffer increased contamination — not just from early infections producing more
aflatoxin, but also from new infections (Bock and Cotty, 1999).

The applied atoxigenic VCG belongs to the L strain and is endemic to the test.area and
ranged from <1% to 4% of 4. flavus in the soils of this area prior to application in 1996 (Cotty,
uﬁpubiiéhéjd data). The treated site appeared to have.a significantly greater proportion of the L
strain which may be due to competitive exclusion of the S strain by the applied VCG (Co'tty,
1994a). We do not have data for previous seasons, but the S strain was more prevalent at the
non-treated site than at the treated site, and the proportion of the L strain did not appear to
change significantly between 1997 and 1998 suggesting that the effect of treatment Fﬁd not
disappear after a single season. This agrees with previous observations (Cotty, 1999). The
relatively high incidence of the applied VCG at the untreated site (up to 47% of the L strain at
the untreated site was the applied VCG) probably resulted from dispersal from the site treated in
1896 and 1997 (the distance between the edge of the treated area and the sampler in the non-
treated site was about | km). Quantities of 4. flavus propagules sampled at both the treated and
untreated sites were similar throughout the 1997 season and thus, application of the atoxigenic
VCG apparently altered the composition of 4. flavus in the air, without altering the total quantity
of 4. flavus. Indeed, air spora from other surrounding areas may well influence the spectrum of
spores sampled, and various factors including wind speed and direction and farming activity will

affect the propagule type and quantity sampled at a particular time. One advantage of the

overcoming the effects of transient changes of wind direction or speed which could influence

results from samplers operated for short periods.
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The most hikely source of the relatively high incidence of the applied VCG at the untreated
site are the atoxigenic VCG applications. Previous studies (Olanya et al., 1997) have shown
linear dispersal gradients of air-borne inoculum of 4. flavus from waste com piles in Iowa, with
propagules being dispersed at least 14 m. In our study the atoxigenic VCG was applied to a 16
ha block in 1996 and a 65 ha block in 1997, which constitutes a large source of inoculum for
aerial dispersal over a period of two years. It is also pessible that insects play a role in dispersing
the fungus (Olanya et al., 1997). The fact that 4. flavus is aerially dispersed and can probably
travel at least several hundred meters lends support to the use of area-wide applications to
establish the atoxigenic VCG and minimize ingress of aflatoxin producing strains ffpm other
habitats;. This approach would provide the additional benefit to fanming communities of
reducing contamination of all crops grown in a region. It would also reduce any health risk
associated with aflatoxin exposure via respiration (Oyelami et al, 1997; Autrup, et al, 1993) of
either conidia containing aflatoxin (Wicklow and Shotwell, 1983), or crop associated dust (Lee
et al., 1983; Salim et al, 1998).
Long range movement of 4. flavus may also be suggested by failure of the éir catches to
closely mirror the soil composition at either the treated or not-treated sites. High incidences of

the S strain were caught at the treated site in 1998 (JD 160 to JD 253) even though soil analyses

of the four fields surrounding the sampler indicated a low incidence of the S strain. Either §

strain propagules were dispersed to the sampler from beyond the treated area (1 to 1.5 km) or
there was preferential dispersal of the S strain from soils during certain periods.  Seasonal
increases in S strain incidence in $oils of western Arizona in July?August have previously been
described (Orum et al. 1997). However, the very low levels of S strain isolates in the soils of
treated fields suggest compositional differences between cyclone and soil samples reflect
movement of both the S strain into the treated area and the applied atoxigenic VCG into the non-
treated area, There are diverse crops in this region and propagules may have originated from
agricultural fields undergoing soil preparation or harvest. However, it is also possible that S

strain propagules originated from native desert areas which greatly outweigh cultivated regions

18 Bock and Cotty
135




17

i8

1%

Epidemiclegy of Aspergillus flavus in Arizona
Initial Draft of a Manuscript in Preparation for Publication
in the test area and which have significant 4. flavus communities (Boyd and Cotty, 1998).

We found the S strain was prevalent in the air from May through December (peaking from
July to September) which spans the period of boll development and maturation and may be
important to the epidemiology of aflatoxin contamination of cottonseed. The S strain produces
comparatively greater amounts of aflatoxin than the L strain (Cotty, 1989), and readily infects
cotton bolls {Garber and Cotty, 1997). Although the origin of the large proportion of S strain
observed in summer and early fall remains unclear, the plume begins before cotton boll
maturation and declines during cotton crop harvest. It is thus unlikely, at least initially, to
originate from with the curreﬁt crop. The S strain produces large quantities of sclerotia (Cotty,
1689, Garber and Cotty, 1997) and the plume may reflect release of conidia from sclerotia
formed on trash from prior crops. Alternatively the S strain propagules may come from soil
disturbance during either harvest of or incorporation of crop debris from alternative crops (i.e.
wheat).

The filtration studies suggested that A. flavus propagules collected by the cyclone sampler
were, for the most part, in the range of conidia (<12 um diameter), rather than larger sclerotia or
colonized organic debris. However, air transport of sclerotia from colonized locules (Garber and
Cotty, 1999} to the soil must occur and it seems likely some movement of sclerotia between

fields occurs. Sclerotia of the S strain are relatively small (S originally designated small sclerotia

<400 um) and dust storms are common in this region. Large quantities of soil and associated

organic matter can be driven over vast areas by storms and sclerotia of the S strain would be
dispersed.

Both the crop and season greatly influence the magnitede of 4. flavus soil communities
(Orum et al., 1997). In 1997 cotton was produced in a warm season typical of the area. However,
spring and early summer of 1998 were uncharactenstically cool in southwest Arizona. This
resulted in both the worse cotton crop in memory and reduced conditions favorable to 4. flavus
growth. Significantly less 4. flavus was sampled at the treated site in 1998. The four-fold

reduction in the quantity of 4. flavus in the soil observed at the treated site between June {wheat

19 Bock and Cotty
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planted) and October (lettuce planted) was probably due to both the cooler year and the change
in cropping. Cotton production in Arizona favors development of high densities of 4. flavus
propagules (Orum et al., 1997) and at the non-treated ;ite A. flavus propagules 1n the soil
increased under cotton production forty-fold between June and October 1998. However, the
quantity of propagules captured by the cyclone sampler at the non-ireated site did not differ
between 1997 (when cabbage was grown) and 1998. Failure to see an increase in air-borme
propagules associated with cotton production is probably attributable to both the cooler year and
the reduced amount of cotton immediately adjacent to the non-treated site in 1998‘versus 1997.
Thus, cotton production outside of the site may have contributed captured propagules to a greater
extent in 1997 than in 1998.

To the best of our knowledge this is the first report of a Burkard cyclone sampler being used
to sample fungal propagules for studying a plant pathogen. The equipment has many useful
aspects that make it practical in a study of plant pathogens, particularly in dry environments.
Cyclone samplers can be operated continuously for long periods of time (this equipment ran
continuousty from May 1997 through March 1999 using solar powered batteries). Operation

over long periods prevents wide transient fluctuations in propagule numbers from having a major

| impact on overall counts. Cyclone samplers collect a dry dust that allows ready quantification of

viable propagules through culture on appropriate media. This is particularly useful where size or
spore characteristics make identification difficult. The size of conidia {in our study 3.2-5.2 um in
diameter) and similarity of spores of 4. flavus to other Aspergilli make it difficult to assess them
visually, and counting morphologically distinct colony forming units is a more certain approach.
The size ranges of particles sampled in our study also suggest that cyclone samplers would be
suitable for sampling many other fungal spores. Numbers of cultivable A. flavus propagules
caught by the cyclone samplers were comparable to those caught with the filter impaction
samplers previously shown to be the most efficient of four air samplers tested for detection of
air-borne A. flavus spores (Silas, et al, 1936). However, we were unable to sample 4. flavus

propagules in the field using rotorods, Rotorods coated with a carboxy-methyl cellulose based
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grease did sample other fungi including 4. niger. It may be that conidia of A. flavus, under field
conditions, were rendered non-cultivable by impact on the rotorods. Nonetheless, the rotorods
were successful at quantifiably capturing culturable 4. niger at propagule concentrations similar
to those captured by the cyclone sampler.

The formulation currently béing used to treat areas of the Mohawk Valley is sterile wheat
seed colonized with an atoxigenic 4. flavus (Bock and Cotty, 1999). Timing of application is an
important criterion to maximize the production of conidia while minimizing the risk of product
loss to predation or burial. Timing of conidia release from the product is crucial to optimize
competitive exclusion of aflatoxin producing strains of 4. flavus (Cotty and Bayman, 1993).
Data presented here suggest A. flavus becomes a noticeable componént of the air spora by early
May. On the basis of this observation, earlier treatments are likely to be more effective,
providing temperature and moisture do not limit fungal metabolism and .production of conidia.
Treatments as early as the first week of May should be considered. At this time other strains of
the fungus shall not have had chance to reproduce or colonize substrates and the applied
atoxigenic VCG should have increased competitive advantage.

Data presented here suggest that application of an atoxigenic VCG of 4. flavus at the
currently used rate (10 kg colonized wheat seed ha''} does not significantly increase the overall
quantity of 4. flavus in the air at treated sites as compared to unireated areas. In areas of Arizona
where aflatoxin contamination of cottonseed is a perennial problem, A. flavus is a major
component of the airspora and appears to be dispersed over distances of at least several hundred
meters. Early, area-wide application of an atoxigenic VCG would thus make sense for effective
aflatoxin control in these intensive agricultural areas in the desert environments of Anzona.

Indeed, early application may be necessary to optimize efficacy of applications,
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TABLE 1. Colony forming units (CFU) of Aspergiflus flavus cultured on different isolation

media from samples collected by a cyclone sampler

Field T-test comparisons
treatment Media®  Mean (CFU/m™) Media t-value, df, P-value
Treated  PDA 17.5 PDA vs 5/2 -0.88, 99, 0.19
5/2 24.1 5/2 vs MRB 0.73, 109, 0.23
MRRB 32.5 MRB vs PDA 1.45, 80, 0.08
Untreated PDA 15.7 PDA vs 5/2 -0.18, 119, 0.43
52 16.7 5/2 vs MRB 1.53, 94, 0.06
-MRB 33.0 ~ MRBvsPDA 1.70, 84, 0.05

"media as described in the Materials and Methods.
®mean CFU/m™ from weekly énumeration of propagule counts in air sampled May 1997 through

March 1999 as described in the Materials and Methods.
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TABLE 2. Cropping history® of the ficlds adjacent to the Burkard cyclone sampler at the treated and untreated sites in the Mohawk

Valley, Arizona

1997 _ | 1698 1999
[Field M J J A § O N D F M A M T J A S O N D 1 FooMm
Treated el et ct et ot et fwo owt owt owl owt wt owt wt fw Ilc le lc le wt wt wt wi
Not-treated ba fw fw ca ca ca ca ca ca fw ct ct ¢ ct ¢t ¢t ct ct fw wt wi wt wt

Ict = cotton, ca = cabbage, le=letiuce, f'w=fallow, soil preparation for next crop, wh=wheat, ba=barley.

3
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! TABLE 3. The dimensions of fresh and dried conidia of Aspergilius flavus

- Treatment o Length (um) Width (pm)
Mean . Max Min Mean Max Min
(st dev) (st dev)
Fresh 4.22 (0.46) 5.2 3.2 -2 - -
Dried” 3.33 (0.42) 5.6 2.4 2.92 (0.42) 3.6 1.76

3 ‘fresh contidia are spherical.

b S .
4 “measured after drying tn an oven at 50 C.
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TABLE 4. The quantity of Aspergillus flavus propagules in the air sampled either by
impaction onto membranes or by a Burkard cyclone sampler in the Mohawk Valley, Anizona,

1998

Test Date Propagules sampled m”
Cyclone [mpaction

1 June 17 51° 29

2 November 18 103 583

3 November 19 389 ' 98

Three Test Mean 181 236

*for each date cyclone values do not differ significantly from impaction values by analysis of
variance. Values are means of three replicates. Cyclone replicates are single measurements;

each mpaction replicate is the mean of three measurements taken simultaneously.
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TABLE 5. The numbers of fungal propagules (total fungi and Aspergillus niger) sampled by
the rotorod samplers in the Mohawk Valley, Arizona, 1998

Total fungi A. niger

Duration of Rotorod Propagules/m® Pro;:'agulesf’m3
Date sampling (h)  sampler no. (stdev)® (stdev)?
18711798 2 1 118 (1.5) E

2 2 46.0 (26.5) ;

4 3 28.0 (7.7) ;
18/11/98 2 1 3.1{L.5) -

2 2 3.9 (0.4) )

4 3 2.7 (1.9) .
18/11/98 2 1 8.5 (2.4} -

2 2 9.8 (3.0) ]
19/11/98 2 I 11.8 (6.0) 3.4 (3.0)

2 2 9.1(0.9) 2.5 (1.9)
19/11/98 2 1 24.3(0.7) 15.0 (5.5)

2 . 2 10.1(5.2) 5.7(4.7)
19/11/98 2 1 56.2 (25.2) 42(2.4)

2 2 50.3(25.8) 0.5 (0.4}

*data not taken.

*mean based on three rotorod samplings with two rods each.
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I TABLE 6. 4spergillus flavus communities in the soil and on crop parts in fields treated with

[a ]

an atoxigenic strain of 4. flavus and adjacent to a Burkard cyclone air sampler in 1997

Month Substrate Propagules g" S straip {%%)  Applied strain (%)°
Juné® ol 27,916 b 01 92.7 2
Leaves” 5,748 b 0 1 100
Bolls 6,944 b 0 1 100 z
October  Soil 34474 b 0 1 81.3 z
Leaves 272,461 a 173 m 793 =z
Bolls 15,124 b 0 1 100 z
LSD (.05} 218,972 1.2 253

*material was sampled in late June, treatment was made in early June.

s “leaf material was fresh leaves for the late June sample, and leaf litter resulting from chemical

5  defoliation in October.

7 “different letters denote significantly different means (P=0.05). Means separation performed
g8 using Tukey’s HSD test.

9 ‘percent of L strain isolates assigned to the applied VCG by vegetative compatibility analysis.

10
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TABLE 7. Quantity of Aspergilius flavus in soils of fields surrounding two Burkard cyclone
air samplers in 1998 and the incidence of both the $ strain of A. flavus and an atoxigenic

VCG of A. flavus applied in to the treated field in 1597

Propagules® g~ S strain (%)° Applied VCG (%)°
Treated Not-Treated =~ Treated Not-Treated Treated Not-Treat
Month _ Location®  Site Site Site Site Site Site
June NE 491 b 1,528 b 12 nop 63 lmno 87 wx 40 wxyz
SE 136 b g6 b 0 p 71 Im 71 wxyz 0 z
NW 208 b 23 b 29 mnop 90 a 100 w 0 z
SW 80 b 36 b 13 nop 44 Imnop 66 wxyz 10 yz
Mean 229 418 14 67 g1 43
October NE 86 b 198 b 8 op 60 lmno 66 wxyz 30 wxyz
SE g b 17 b 20 mnop 29 mnop 76 wxy 20 xyz
NW 130 b 18461 b 17 mnop 68 Imn 65 wxyz 30 z
SW 8 b 47,120 a 3p 90 1 55 wxyz 30 y
Mean 58 16,449 12 62 66 33
LSD (0.05) 21,928 55.5 72.9

*location of field sampled in relation to the Burkard cyclone sampler at that site.

®percent of A. flavus isolates assigned to the S strain by morphological criteria. All 4. flavus

isolates were assigned to either the S or L strains (Cotty, 1989).

‘percent of L strain isolates assigned to the applied VCG by vegetative compatibility analysis.

ddifferent letters denote significantly different means (P=0.05). Means separation performed

using Tukey’s HSD test.
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Fig. 1. The Burkard cyclone sampler (Burkard Manufacturing Co., Rickmansworth, UK)

used 1 this study.

Fig. 2. The location of the two Burkard cyclone samplers in relation to fields treated with the

atoxigenic VCG of Aspergillius flavus in the Mohawk Valley, Arizona.

Fig. 3. The rotorod sampling apparatus developed for this study showing the construction of

tubular PV C piping with motors inserted in joint fittings.

Fig. 4. Characteristics of samples collected by Burkard cyclone samplers at a site treated with
an atoxigenic strain of Aspergillus flavus and at an untreated site: (A) weight of sampled
material; (B} quantity of total fungi, 4. flavus, and A. niger; (C) proportion of total fungi
consisting of 4. flavus; (D) proportion of 4. flavus m relation to 4. niger; and (E) quantity of

bacteria. *indicates missing data points.

Fig. 5. Characteristics of 4. flavus communities sampled by Burkard cyclone samplers at a
site treated with an atoxigenic vegetative compatibility group (VCG) and at an untreated site:
(A) proportion of 4. flavus consisting of the L and S strains; (B) proportion of the L strain

consisting of the applied atoxigenic VCG. * indicates missing data peints.
Fig. 6, Weather data for Roll, AZ, from 1597-1999.
Fig. 7. Frequency of different size particles sampled by the Burkard cyclone sampler.

Fig. 8. Passage of Aspergillus flavus propagules sampled by the Burkard cyclone sampler

through membrane filters with different pore sizes.

Fig. 9. The results of laboratory tests using rotorods coated with either silicone grease or
carboxymethylcellulose/water/glycerol to sample conidia of Aspergillus flavis (A) numbers
of conidia sampled, (B) the frequency of encounters with conidia, and (C) the range of cluster

sizes of conidia sampled.
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Epidemiology of Aspergilius flavus in Anzona, Figure 2
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Epidemiology of Aspergillus flavus in Arizona, Figure 3
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Temperature (C) and relative humidity (%)

Epidemiology of Aspergiflus flavus in Arizona, Figure 6
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Epidemiology of Aspergillus flavus in Arizona, Figure 7

50
ELength -
. CIWidth '
40 -
2 30 1
[ang
[
=
o
3 1.
£ 20 A

<1 1.25 248 589 10-14.9 15-19.9 20-24.9 25-28.9 =30
Length (um)

Bock and Cotty
160




Epidemiology of Aspergillus flavus i Arizona, Figure 8
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ilus flavus in Arizona, Figure 9.
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The ARS-ACRPC Partnership to Control Aflatoxin in Arizona:. Current
Status

Larry Antilla® and Peter J. Cotty™ _
VArizono Cotron Research and Proteciton Counetl, Phoenix. AZ: = USDA-ARS. Smuthern Regitmad Rescarch Conter.

New Orlrons, LA

In 1998 the Arizoma Cotton Growers Association voted to establish a grower owned manulacturing facility 10
provide sufficicnt quantities of inoculum of the atoxigenic Aspergifus flvirs surain. AF36, for statewide rreatnent
of Arizona cotton. The Arizona Cotton Research and Protection Council tACRPC} and the USDA Agrizulturul
Rescarch Service (ARS) initiated a partnership. Goals included: (11 Development of managentent trategies:
(2) Optimization of application and ggranomic practices (o achieve short and long-term aflaloxin reduction in
cottonseed: (3) Development of processes to be used by growers (o produce needed guantities of inocvlum: and ()
Comptlation of information for full Environmental Protecdon Agency |EPA) registration ol AF36. In 2001, the 3rd
year of the collaboration. 19,975 acres were treated in fous areas extending from the far westem edge of Arizoni
to the south central ponion of the state. '

In 2000 four areas were treated. The toral veated acreage was 16,094, A. flavus communitics present on crops
and in soils were characterized in treated and control areas in order to assess the exient to which comniunity
struciure had been altered by applications. Over 6.000 isolales were classified by strain identification and vegetative
compatibility. Treatment arcas were separated from non-treated control fields by one mile buffer zones. Soil. crop
tseed| and air samples provided the basis for program analyses. Toxin tes: resulis were requested from commercial
gins and counonseed wholesalers and. on a limited number of fields. independent sampling and analysis were
performed to confirm the commereial tests. Incidences of AF36 showed variable but positive results throughout
all treatment regions. Evidence of treatment influgnces in contral arcas fsom treatments in 1999 and 2000 was
also detected. In the Rol/Wellton area, 80% of the A. flavas on the crop after ginning was AF36 versus 27% on
untreated control figlds. Incidences of AF36 were 52-72% on the ginned crop in eastern and northwestern Paloma
and 93% in the southwestem portion. The southwest fields were treated by ground with material banded under the
canopy, Other portions of Paloma were broadcast by air. Untreated Paloma controls ranged from 11-27% AF36
cropincidence, Northem Maricopa County ficlds produced treated versus non-treated erop AF36 incidences of 30%
vs 3% | Laveen) and 309 vs 3% (Peoria). In the Maricopa-Stanfield-area of Pinal Coumy AF36 crop incidences of
76% (Marathon Farms) and 71% (Ak Chin Farms; compared favorably to an 115 average in untreated controls.
The most precise afiatoxing results camg.from this Maricopa-Stanfield area. Working closely with a kev grower and
gin personnel. commercial toxin tests were un on seed piles from individual fields comprising 2 large contiguous
block of cotion. Founieen of seventeen fields tested (82% ) were below 20 ppb. All control seed lots were aver 160
ppb. According 1o the grower, the farm had never previously produced clean seed.

The manufacturing process has increased to production of 1,200 pounds per batch. During 200) design changes
were made lo the process and the requized equipment is being fabricated. 1t is anticipated that the ARS-ACRPC
factlity will be able o manufacture 6,000 Ib of AF36 material per day by the end of 2002. Registration of Asper-
gillus forus AF36 with the USEPA limited 200) reatments (o fewer than 20.000 acres. In 2081 additiona) safery.
cnvironmental, and efficacy data were provided to EPA, Additional tests required including avian and mammalian
loxicity tests. 1t is anticipated that these will be completed by early 2002. Pending the results of those tests. full
registration of AF36 on cotton in Arizona will be aggressively pursued.
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Wheat Seed Colonized with Atoxigenic Aspergillus flavis:
Characterization and Production of a Biopesticide for
' Aflatoxin Control

€. H. BOCK anp P L COTTY
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UsaA

{Rerviverd far pubdivating 23 Febenary P00 rerbed sittiorripe aeeppio Mo Mo 1000

Bivrantral of wffutexin conttinittion aving atuxigeiie dspergiius fliwvus o rospretisivelr

eavlude affeusylp-pridurigg strainy s previnngy e eopoictedd. sl 5 ocoeventhe fe ot ddtisd

. Feel o couunerrigl-soale fexts feening =240 fur per gwgnn ). (et serd safonized it

o wnxivenie A, flavos has been ased vt caimiereiad rinks, Rewtiremengs g prisduesinn ot

) s evfeitized whewt sred ure deseribed pid the spove pield of wiean e ronpaeed e otlier

sthytrettes, The sttfy sugeestx that thye ause pasepffective el produrtin wouhf eeguive

vofunization af wheat 15 eonidin ket af whewt seeift o 230 cwint tixtie fie 18 T e

34°C, T prevent fungal prawth sl assovisted whent ageredution i sty Yeed fud v he

sdried boefaw 136 fwhe o waistare, altfanglt o tnoisture panentt af W4 fele g ofid wne redure

rihiite i gealed canteiners stared gt J8=250C woee wn Sanoth perind The e hinpestivide

Mutef tetehti-veser stabifioe witha vefrigeeadng sl ithstnd teapersgarey of F00C fur 200 min

Spurtfation wf the priduct severved withit £ uys at 310C andd Bes efagiee funddine with
vieft wreraging 4.9 < 14 cunddin g =0 by dur F

Keywords: Aspergilius Ravus, affenxin, hiopextiviche, fortnabieion

INTRODUCTION

Aflatoxins ure extremely faxic myeotoxing produced by some niembers of Asprrgitfus section

Serl. These fungi are ubiguitous and infect many crops and crop producis including peanuts.

. cormn, cononseed and a variety of nus (Dieaer v, 1987 Conty of wl. 19944 In arder 10

keep the aflutoxin coment of Joods and Jeeds belaw poteniuily dungerous Bvels. maxigum

: permissible aflatoxin contents ate mandaied 10 most countdes. Praduey with afknoxin

© exceeding these fmits hus reduced value, Both health risks and the redyeed prodbility of

cantaminaled erops ereusre u need 10 prevent the hwnution of uflutesing (Purk pr af.. 19881,

o Affected material may be decomaminaied using amntonia 1Pak ot uh., 198%4 The proeess
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B oweait, a universafl avadible. s ammunkied erops geberdt dine resduded 2o
Methots Wt redater aflittsrin lorpinon woiede mantpalting of barcest dute tHock & O,
YL, Erpteation practive 1Russell o ol 19704 harvess methed tRussell o af, 19311 ikl
storape prictice { Butsew of o, {9970

Biscoutrul o abaosin-praductty stritns with todeenio stnors o 4, Nuave s by
detelaped op cory tBrown of ol {991 cotisasend 1ty TR und peames i Dorner ol
19921 Aloxigenic strains are used 1 gonpetitivels eselinde wllinaon padacing st
during ¢rop colenization {Cotty & Bupwsan, 1993 Cuntg o wtl. 19HL Asesigenic sitatn
fave been applicd with rice kernel; and aheat seed, in afgieete pelicn aud b conidi?
suspensions {Doruer o ul.. 1993 Daigie & Cous. 1995 Cous. 19 When applied its &
softd Tormulating, the biocantndd agem is avtiiated e Weksiere tron rngatboo, reietdl of
dewd and produces contdiit which are dispersed o the ensp.

Far commercid use. formulaiians of biceanirod ugemis st ihion ooa etfvutive predaction
and adequate stabiity to wiiow e produet 1 be trnparted, stered, wnd applisd i o
commerciaily comparibie ter withnut sieniBeant Toss in viabiiiy, Cony tigg e mntaily
used colonized when seed as g source of mogigente o fharws in tield plot eaperiments
Digle aod Cotty 11499351 expermented with surinus Jorms of algware pefies and tound i
thosc contatning shedt gluien and mgeciia of wtostgenie 4. furw prtduced o e
thien sliem geed 140 x B g7t o 105 M o 7% afier 7 dugs msufitint, Hodcoer, g
petier pawduetion is b mati-5iee process requiThsg consULUCHS W ard eepensive couitred
1o not-provessed wieat (Doighe & Coits, 1397), The cisal of the hulk produent fe wgisane
peficts wars esiimuted 1o be LS5, 53-5.76 ke~ " while the cost of whein 35 USSR ke ™"
{uberem difticulties und expense of producisg suflicient alyipare peiiess for large-scaie ield
trizfs humpered lucther tesiing. New niethods for the praduciion of einute pelleis mits
help reduce the cost of cneapsuaiing biocontool agent!d {Dtele eowd P99 Dadele vy wl
19981, Huwever. the simplichy und Keld succesy of enfonized wheit huts fed bs b dovdtep
\hol allernaiive, -

Snce {989, the wheitt sced Jormulutian Twis been emprntealls mproved, wnd Turge seade
field 1riais 1200 ha in 1997 und 1998 direcicd W preventing afidiesy cuvlaminiiion of
covonseed have been undenaken, wsing this product as the snle iwculum warce 1Cons.
19971 These trtals have been strongls supported by the uertealiural communits i Artzemt
tAnon. 1996a, b; Rayoer 1998). The peneess for colominng wheat with 4. futrs bat bagn
tneremempile modificd ind \be eurrent process, wied 10 produce 2200 ke of coltnized sheut
0 4 faborplery i lwo menihs. hus coly beeo repoaced ib manerials submuicd 16 the United
Siates Emdronmentad Penteetion Agency (£PAJ.

Ane methad used 10 conimd an ugrivelturyd problens past B the ceenomivs of tike
produciion seetewn. The folinsing piper outiines the production of it inexpensite uod stable
biopesiicide intended Tor use in prevenbug afiatoxin contminnion. Esperiments were
uodertaken to churacterize bellsr the enfonized ‘whoat wied th ctmsmerctad field testt curremiy
uoderwiy, While sptimizing and rRABNEG Wie privess usedd ws produse this producy,

MATERIALS AND METHODS
General dicthods und Protocol

funcidetion. dutthurivg wod dreduy of toaderind. A standurd process for mamiaoiering
A ey eojonized when s siinwed be the EPA undet Experimental Use Pornit 69223
EUDR. in that procedure. § ke of hurd red winser wiicot aced {Organie Gaude, Arrowheid
Mikis. Heretord, TX. USAL was added 1n 2§ NMudgene plintie caniaers s Nufpene Lihwore,
Rochester. NY. LISA{ with 71 mi of winer, The whet s¢ed-caniining butiies swere roficd
for 20 psin. 10 aline even distribulion of the metstere und wnockinved for 68 min, Alter
sernng ewernicin at rosm lemperatire, the wiet seed was aathclived fist 1 second bt min.
Aliec coaling. the sl seed wits repdy fir Snoweulution, 4. fuves strpin AFIR 1Cous, 1994}
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A BMOPESTICINE FOR AFUCATUINEN FUNTROL
was cultured on V8 joice agar (5% V& juive. 295 gar. pH 5.5 in Petrd dishes. Conidia wore
harvested from T-day-old cubiures with Rerile swabs und suspended in seerihe distilivd water.
Conidial cuncentrations were mensured bsing # wrbidiy mvdyr rheoo-dellige Diata!
Dircet-Reuding Tubidimetvr, Orheen Anudysit Sysems oc., New York, USAL A hoear
nephclometric turhudihy ult (NTU) vs colony forming unit tCFUY standard curve was
develuped ta relate wrbidin th conidial cuncentration. Spore suspension 1150 ml Ltz 07
vonmitdin mi™ T was added o cach canister and the vanisters tere rolivd horizomalh far 3 h
at 3 rpm ow & baaue colture roller IModulie Celt Procuction Roller Apparatus. Wheaton,
Millville, NJ, USA o allow even ubsorption of the hguid and even disperaal v the
inocwluns. Afer rolling, canisters were incubated stade at 31°C for 24 h, Ap initiution o
incubatinn. 1he whewt molsture ranged flom 28-32%. (wiwy depending mit the pnisture
vantent of the starting grain. Molsture was determined using st Obaus Muoisture Determing-
tiun Bulunve (Medel MB200. Ghaus Corporation, Florham Purk. NJL USAL Altwr incuba-
ton. the seed was plagvd in sterile eotton pilloweases (72,5 ont x 47.5 cm. svten canigters
per bagt and pluced in u jorced-ir tray oven {Proetor & Sehwartz. Ine.. Philudelphia, PA.
USay at 58°C 1o drv Jor 48 h. Incuming wir wus ducted throush a HEPA-fiker Seed vas
1hen transiereed to 19 | polvethylene food compiners (Leten Corp. Rochester. M1 USAY
yor storuge and transport.

A series OF tests were performed to nptimize the ubuve procedure and o charsetenizy the
resulting prnduct. Unless otherwise stoted. treatments were replivated three times. ind the
experiments were repested twice. Al experiments stere fully rundomized.

Spare viehl.  The spore vield of the colonized wheat s quantified by plaeing one sced in
cach e} of a sterile 12-cell muolti-well plme (Corning Glasy Wnrks. Corning. NY. USA)
Repiicuter eonsisted of one mubti-well plate {12 cellst, Each jreatmenr was rephivined three
times, Water t10-12 m!) wus udded onlyv in the inter-cel] spaces: plutes were covered, pliced
in seaked plastic ¢onwiners to pretent evuporation und trunsferred 0 ¢ water-jueketed
incuhanr ar 31°C. Spore yield was meusured on four seed randnmly xeheeted From each
plate. The seed were placed 10 a 100-m} bottle cantaining 50 ml of 70 aguecus ethannl,
Conidin nere dislndged by aghating 118 51 and the wrbidivy of the solutinn measured by
turhimetey a8 deseribed previoush: The spore enneentration wut estrupoluted fronn the NTLY
CFLU stundard curve. Tests showed that whem seed alone did nnt contribute sipnificuntly «n
the NTU of ihe spore suspensions measured. After vonsidering the Kinetics nl sporulation
in this system. 7 duys wus chosen us the stundurd ineubation perind for spare yield
assessment, The percentage of seeds with sporulation wis alsa reenrded for e assersment.

Viwerd mesgsament of cofesimvion. For spme experiments, the seed surface colonizinion was
assessed visually Ten seeds were Bxed in an geetic acid:ethann! (30:30 vA) hisative 2nd
stined with 0.5% methylene blue in lactophenol. Seed were examined »ih i dissecting
microscope (X631 with oblique Hluminatinn. Fungal colnnization of the dorsal tupper) und
ventral or erease Uower) surfaces was scored separateh using o 1-3scule: | = no colomization
visible: 2 = 15 mycehal strunds visible: 3 = 6-20 myeeliu! etrands visible: 4 = 21- 5t myee il
strands visible and 5 = > 30 myeelial strands volonizing the surlace,

Effect nf Cooceniration af Copidia on Colunization of Wheat Seed

Influence of initiy] spore concentrating on colonizating oF wheat secd wits assessed by
zhtermg the coneentratinn nfl conidia used in thy standand procedure Evaluavd vonvenim-
tons ineluded O, 108, 102 10° 105, 107, 107 or 18" conidin kg ™! of wheat scedl.

lncubation Period

In ofder to optimize the required incubwion perind, subsequent t rodling for 3 h. the
inocululed wheat seed was plueed at MYC far U, 4. & 18, 24 and 38 h. Alter incabation. sted
was dried according 10 the stundurd procedure und spore vield was quuntified. Colonizution
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was viawalh assesied. To assess Surdher the depra of culantizntinn, sevd rom Hhe 1 8 05
wnd 38 b incubagion periads were surfiee disinfecied wirh 7. ethaned for 0, 15 3, et 20
und (80 ntin. Alter ethanud trearment. seed swere washed nwice in sterik bisilad wawr and
tungud growth was visually ussessed zod spore vivld guantified after T dans i oeinine
humidite FRHY 319C 1 us deseribed previousty, .

Effuet nfl Mnisiure Content nn Colnaizution of Wheat Seed
The moisture coment required for swecessfil praduo nunnetere wis determiiwed
adjusiing wheat moisiun during inewbibon 1w cither ML 82015 2y 28 Jtar 35 i,
The desired nwisture conient wus produced by adding diferent quantitics o water @ wikva
seed thit had been pre-sterilized wnd dried. After ie stndard sendfiziinm prwess, e soed
were dried to 3 awfvl moistere in e forved i oven ot U A uisiune eongent ot 189
fwiw was obtiined by adding 1 mi of spore suspensiou (oupnEng Sk apare suspensiou.
14 LHF conidiu mb™ " plus 20 mi winert w1 kg of dried whoat, The vadume o wiger wad
udjusted 1o uehtiere turyet ntoisiures. After 24 b incubunon F3PCL seed was dried aceording
10 the standurd procedure und colonization was visualy pssessed, Cuduiizinian was alse
ussesied by surfuee disinlection of seed sampi—~ fromn eaech trentmin with 7. ethanod for
"2 min shown o be an eifeetive dme period in 1lie pretious experiuienit. The svald vs
washed twiee in sterile distilled warer and fungul growth wus vsoully assessed after 7abavs
a8 previousiv deseribed.

Elfcet of Seed Subsiraie nn Spore Yield

Whea seed. red sorghum, black-eved peas, bluck boans. s0v buiies, harker rve. s oom,
Pima cottenseed. finger millet seed and rice ersins were compared five shifity v suppen
conidial production by 4. Farw. The standard procedure was inltowed For moculaihom,
ineubation. drying and quantification of spore pield. For caclt substrate, (00-zrain werghis
were meusured and used 10 euleubne spure vield g7 '

Stability und Viabillte of the Whent Serd /A, farus furmulation

Effevt af e, Colonized wheut seed munufuctired by the standurd process was stored
playtic bugs {Quan Size. Ziploe. Duw Brands L.P. indivnapubis, IN. USA) a1 toem
wemperoture frem 12 May 1995-13 Oetuber 1997, Viebibity wnd spore provuction were
assessed i approsimately montbly intervals over this 2%-monih period. Seed were randumty
selected Trom un individeal bag on cuch ovension. Spore yiekd wos guangfied vsing the
prou:dure ulrepdy deseribed for mmeubaing seed i muhiwell plates, Huwever, va each
oteasion Hie WTU measuremients were made on individual seeds,

Effvey of muvixmry cannan i drring perindd. Tw assess the impae of drving period on
preduer performance. volonized wheit seed produced by the atiidurd proeess was dried in
i furced air oven for (=138.3 h, At each santpling rinw. migisinre cowlent. viabitity and spore
vield were deermined. In order 1o assess the impavct of nwdstare vien: on stability and
viubHi L at cach sampling time 2 50 g subsamiple wig souled i oun airtight polypropyiens
coutainer. Samples were sturcd o1 room tompermiure HE-23C) for & mowhs und sub.
sequently ussessed for viubility and spore yield.

Efferd wf hent, Heat wicranes wus assessed by hemdng u\loniz;d wheat seed to cither 6.
Tk B0, S0, 100 nr THPC for 2 min. Heuting wat pedormed 1 X ind sierile glacs vinls iwith
tuore eupst vonutuing 20 seed cach. In i secwid experiment, seed wis heated for M min
either 7h. 74, 74, 78, e 820 R4 Bhowr G Inoaodied esperineny, eolunized wheat was
heated o BH'C o cither 00 350 1O, 20, 40 or 81 min, In all eiperimems vizbiline of e
biopestivide was wsted after treatment by picubating seed in multi-well phues s previously
deseribed. Euch experiment vas replivared viree times ind wus peridtrmed nviee. in urder 1w
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dytermine the actual hew exposurc of the product during wa farm storage in western
Arizana, wemperaiere dataloggers tHOBO-Temp, Onset Computer Corporatian, Pagisset,
MaA, USAY were placed in whest containers shipped 0 Arizona for vse wa thy 1997 and
1998 crops. The biopesticide. 4. finour AF3 EPA Remntration Noo 8922M-EUP-N, i
fubelivd for puckuping it 191 polycihviene food comainers. Dutalogyers were placerd in
plastte hags within the p.uckdgcd product and vhus wyre expoted 1@ tie sante couditions s
e product to the point of application in furmer’s Keids. :

Data Aaaivsis

SAS 1SAS insthute ine.. SAS Campus Drive. Care. NC, USA! was vsed 10 analyzy Hw
data. Analysis of varfanee {ANQVA)Y was applied (0 all mean canpurispas and mwan
separations were performed using Tukevs HSD test {P = 0031 Regrevsion analysts wis
used o investigate and deseribe the relationships between ditferent variables seffevts of
drying period on moisture content. temperature on viabifity storagy period un viabiiing: and
incubunten peried on sporulation). Prior to analvsis. spore vield diia ‘oo the substraty-
wpe tests were sQuary toot transformed to reduce heterngeneity of variange botween
{oements,

RESULTS

Spore Production on \Wheat Seed Colonized by 4. favas

At 31°C. signifivant numbers of spores {3.4 x 105 conidia g~ ' were produced within 3 days
{anurc it and the quanthy produced rapidly inereased from 4-7 duvs. Therentter. the i
of spure production siowed until the test was terminated a4 davs 6.5 x 10 conidia ¢ 4.

100
) .
5 .
R 80+
§ 2 0
g
£ ]
z
> B0
5 - s}
3
3
E 40
w
™~
L
<
T
s 20
z » Tes! 1
§ aTest 2
jt] -
o Bl ] 18

Time {days}

FIGURE t  Sporulution of A, fitvis strain A% 3a oncalonized wheat seed ufter ditTerens permdy of lwvubatinn.
The regreasion sefution is a Gompenie sipmoidisl model, 17w (2430 - FF350aey pr gy
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cohuion & o Gomperiz-sprmsidil foded, g oo #08TInRS a1 gE .

Effect of Conceotratinn ol Cenidia on Colneizuting of Wheat Sevd

Invreased contdinf concenitution reulted in higher incidenve of valunized when sved tfigure
21 Colonization increased significantly with greater cunidia] vusvenninion up e ¥ qunidia
ka™ ¥ Inerenses in cotonization shove 97% wore not signtfeant tTukeys HED, £ =051,

Effect of Incubatinn Period no Colnpnization nl Whear Seed

lunftiad cvajuations sugeeCied incubatinn poriod diws nnt ndhwenee e vitott uf when
<olnnization becaute 1YL of the evawined seed Tt all teuhatmn periods prudneed
statistically stmilar £ < 003 sporg viclds HLS-1 08w 107 canidie ¢ ™1 whent seedy. Hawawe
oMuroscopie esamination of the surface imficed an thuenve 1 invubation perted on seed
surfince cojnnizathag {Tabls 11 Whem incuhated tor {8348 B greater {8 = tHit5 cohumza-
v on the dorsie] surfbey tan whest moubaed fr #-8 b oand colentzation of the ventrd
surfice was greater than on the dorsad surfuce ot 4 and § b Artime it csdaniznion Jdid mu
escecd wpitoculined cnntrols and no ! mveelin pere fhevrved v surfaoee, At
{B-h incwhation o mmire. e pew surtices had dimiler deveds & endénization, Surfiee
dizsinfectiont of the witent seed also indicated tut seed inenhated fur 24 1 nrmose wits hetter
colonized by A Mur than seed ineobied fise § b o fess tFigure W0 A Iy percentine
13- 1401 of seed colonized Tor 24 or 48 f ereined viebde o Mo after washing e 710
ethunni for 3 h.

Effeet ol Moistore Centent nn Colonization of Wheat Sved

Migrasewpic examinativn rverded sigaidfivant 4 < (U5 diferenes Bt the anmunt of fnead
srowth un seed icubated with dHfereit nuwisture cuments fluhle 24 Iehar 255 ntpisture,
Tungal growth was sparse on hoth feed sorfives. At 250, muisture and above, wveeliad
geowth was dense. Sindlariy, the curfuge disinfovtion with 7t ethanod sitawed 2reutyst
reduetion in survival when seed was etdunized s 20%, musdstune ur lexs {Fipure 44
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TARLE | EMert of tneubition period on wheat soed colanzti By
A Vabeer struin AF 30

Colonatian syl ssscsiment saly bR
Tnvubition perfod -
rtht Lipper suttice Latwer surtage
Control® iia 18 a
i} 10abk HIEH 3
i © o L3b b
B 198 Jih
18 190 Inh
At ' EARY Shh
Ak ine &b

- Numboes i coluai Rollowed By o oustuBon Jetter ure tab Attt
cantly difkerent using Tukers HSD st Funps! volumzutints alf the
dursal tupper! wod ventral wr crease 1inwer) SuEfes ware ~mml
seprstately using & 1-5 seule wihere ] = np onlanizatio visible 2 =1-
mveelist strandy visible: 3= 6-20 myceliu] stamdy vistbl: 3 =2]- .‘u
nrveeliul sirends visible and £ = > 50 myeelial stirands visthle

*Coutrel not innculated,

100

Seed wilh viable A, flavus {%%4)

/" 0h Colonization
180 ! pariod (h}

g0
Ethanl stenlizalion perind (min}

FIGURE 3, Eifeet of disinfeetion for virious perads witht 780 ethinol on surviced of 4. fhevws erain AFSH
in sterile wheat velontzed for ditferent periods @ 3°C. ’

Effect of Seed Substrare un Spore Yied of A, favue

Seed diltered significumiy £ < DO in ability to suppor spore produciion [Tubic 3). Bath
wheit (11,4 and 7.7 x 10Y comdiy g™ iy tests §oand 2. respectivelyd and ows (7.6 and
9.2 x 10" conidia g~ " in tests [ and 2. respeeiively} gave consisttmi_\' higl spawe roums in
the two tests. Pima cottonsced (0.8 und 1.7 x 107 cotndia 7% insests §and 2. respectively)
xnd corn {0.6 x WY conidia g~ 't appeared 1o he the Teast effeetive suhstrates for sparalanion,
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TABLE 2. Efenl o mnbwene centent el witeat seed potfotizetog M
A whevies sUrin AT 3 omeubited oy 240

Colomzilind tvisudd dasesiignt aende | Sy

Mol content ¢ -t LUpper strtiree Lomwr bty
Comeal® FETEN '
jit 1t By
[ HOE b
14 S tra
b Lrea My
23 RN RN
it : ] 45 R
i apb X

“rumbers m 4 column rloned by 2 contmar kuer are ol st
cantly differeny wiing Tukeys HSD test, Fungid eohinizitions ot Hic
gorsal tuppert and ventral or o duaert surtices wene sepretd
soprutdly using 3 1-5 sende whene 1 = ue eutnnizanion visible: T2 103
myeclinl strnds vidhle: 3 e 620 oueeliul strands hible: 4 MELE
mtelial strands vieible o A= = A eedind sramds visthle

“Cunrol pat fnsculated.

Wheat seed with viable A. flavus (%)

20 25 30

Moisiure (%)

FIGURE 4. Eilect of Vidistfeetivin with 7% crliannd t 20 min oo wevhed of AL Hees stratn AF3S in
wheat fowtsbated 1 different pwiisiune contems. Standand devintons tSD af the megns e
tdheutrd.
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TARLE 3. Etfivt nf substrwe o e guantity of vorbdia produned by A. v stiain AR doeneg 7 dans

trwithirian
Test 17 Tea 2 T Humdenl
SRttt sl g
Subst e Cuteredia” Substraw Coataidia Substrte 1500 Cintiete
Wit iz Oins 92y Outs JE i3
R it ub Wheat G xah Wit TE e kY
Ruve 4iah Rue ) oby Riee | [N [
Chks Toab Finger mitlet ol abed Fiugvr mitkt TR e .
Fraper mithet .3 be Soavham L6 bed Sargtiim bttt Ix
Suvhees A#od Sevhoans 1E hede Suvbeaus RN IR I
Bhavkasvd pen 3Ad IS i) ede Rie Lk haY
B thayk beans BRI Blawkeeved peas 3 dvde Bluckooved peus  1lo Lt N
Pimkr costtondeed LK et Dk beits brode Atack Peans - 19,54kt iht h
Hireley irde Hariey AR ot
. Pimat cottpnseed 1.7 ¢f Pinwg cottonaed 124 tLeSy £
: ) Com Dt Cnen IR ALAIL 3

“Contidia ¢ ' o 107, '
"Mty separatiut bued on squure toot transtormed datit siing Tukevs HSD tost ot £ = L 1S Nwtthers
it b ebee s hetter are ot signbieataly differen,

Nup a3l substrates were consistem between e two 1est runs, For asunipie. ror pratiueed

116 and 3.3 x 10" conidiu ™" In 1ests ¥ and 2. respectively. 1o additinn, seed stz varied

ereatly 1100 grain weights ranged from 0.6 g for fager miller o 36 g for enrnd, The wis o

' wonstitent negative cnrrelation between sporplation capachy of the inoculnted substrite and

e seed weielt 1o vest 1, —0.7360. F= Q000 and in jest 2. —~0.6390. P =UIHH 1 Sodler
’ seeds tended to produce greater numbers of spores/e of substrate.

Suabiihy and Viability of thr Wheat Seed/AF 36 Formulation

Effive uf time.  Regrossion analisis (_er.OﬂS.\--; 108, R = #.001) showed there witg
effeet af storage period a1 wom 1emperature § 18-23°C) on spore cleld of v binpesticide
over & 2-month period from 12 May 1993-13 October 1997 (Figure 51

Egfevt of wuistove conivne roru{ @rring periede. To both tests. moisture eontent as lieh as
ITA pwhet in sealed enntainers did not tnfluence viabiliy aver wo K-tnomih perind 1 riom
wmperatgre (18-25°Cy. The eplouized wed reraiuned full capueiiy 1 produce eonidia w 2i
moisture contemts (3-3T4 vwinll, However the fungus enw with sypical. Buffv white
erowih {tom a lew of the seed stored at 26-30% {w/w | matsture. The Tunens grew during
sioruge W moistures above 1Y iwiwl, This growih resulied in undesirable viuniping of the
produet. The moisture eomient of the colonized wheat rapidiy Yell in the dretne nven from
v 35V wiwl 10 v 350 fwfwl over 48 h (Figure 61 Whent moisture was redured 1a below
1 3% twhnj within 24 h,

' Effeee af hear. Extrerne heat killed 4. flaeny (Tabie 41, When sced was hewted for 20 min

o (Figure 74, viubility decreased between 7i und 90°C jr = ~ 0.73508, P =11, for tests | and

2 combined). At 80°C. viabiliy of AF36 on wheat dectined rapidiy fr = — (.6377. P = 0.03.

for tesis ! and I combinedy. with u 50% loss of viabiity witltin 4 min und Y% jose ufter

41 min. Tvpicat temperarures of cxposure thuy tie bloconirol agent tas subjected we during

) shipping and on furm siorage in western Arizonat are shown in Fieure §. Masim: did not
exevrd 58.6°C. : :
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TABLE 3 Etieet of temyperatare vn sun vl ar 3 S stiam AVF3b
ur eotunized wheat teed

Surcivnl Pl

Femperitare 1°CE Test Text 2
Cunmiral 43 10 Tt
&l U] Jatte
T i KL o WAK
N EERE M b
ul the ity
LN e thy
tht ' fic N

"Tetprennre maintained for 21 mm, )
"Nembbrs ure means oF threr replicates. Vatues fubowed bo oo
cunmaont better are wen sipnificanty ditferent using Toker s MSD o,

100.0 "
-.-\ a5
7 R o
E 20.0 §§
: A
2 500 | BN
§ 400 - §§ s ]' -
2 N N
N\ =\
£ 0] §§ §§§ §
PR \
6.0 :Q =N X

70 74 76 78 80 g2 84 86 a0

Temperature {°C}

URE 7. Effect of temperature an viabilizy of A, Yerne steain AFM pg wheat seed, Standaed crrars off
the means are indieoed,

CUSSION

rder for a biopesticide 10 be nseful it must meer specific criteria; it muogr have suficient
“th both during culturc und in the release environment, have adequatte efficacy, minimal
uction costs, and good shell fife. preferubly ut feast 18 months tConch & 1gnoito, 1981;
of af.. 19934 Efficacy of wheat seed colonized be 4. M i displacing aflatoxin.
neing serains and reducing affwtoxin conmination of cottonseed has been demonss rated
id plot experiments {Cotty. 1994) and pilot studies in commercial settings {Ravner.
.. The eurrem study highlights some of the advantages of the wheat seed formwlation
ared to pocential alternutives ulready considered (Doigle & Cony. 1995 1997). The
o seed/d. favws product 5 particulurly " stratghtforaamd o produce and eliminates
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0 -
Transpor, Shed siorage, Roll, AZ Field slorage,
New Ornigans-Rol) : N Roil. AZ
50 4----- . - g Y

Temperature {'C)

2-t4ay-97 10-May-87 18-May.87 26-hay-97 3-Jun-97
Tirne (dale)

FIGURE k. Tempermures expenienced by wheay soed tolonired by A, fierwr sirain AFM during copmuemid
use 0 weciern Artzofu, The materid was munofaciured ;o New Oriviens, Louistana, and
shipped to Roy), Arironu. where Il was, s10ted On Wurm unti use,

cumbersewne manefacturing needs reguired in aleinibe pellet formubadon [Dmigle & Cotty,
19971,

Using a nahural subsirase like wheat seed is practical. Whem seed i retatively inexpensive
feer USS008-0.26 kg™ 'L readilv avilable und alreade hus characteristics 1hat are idea) for
application sgranular and flowables. Wheat sced also has tovgh owser vauts thay prevent
ditmage to 1he dried product. Colonizanion ol the wheat prior to appliciion reduwees by
likelihood that the whear will be exploited by other. pnimended microarganisms, The
pridust has been suecessiully appiicd in comvnercial operitions at i kg he™' using o
eranular spphicator Hor cxample, v Gundy Box) @ muck spreader ind an derial applicior,
The tatter will be particutarly importam il large arcas muss be treated over relutively short
periods,

A, famy grows extremely well on wheat. and  produces excellent spore viclds
15.7 % 10%7.9 x 10 afer T ditvs incubation. Previous sindies with arnificial medhu (Dagle
& Cony, 1995, 19971 indicated thu alginate fornwlmions produce maore conidiy thin wheit
seed 14.0 5 10¥ g7 ve 1.0 % 1% ¢7%, nespectnvely uher 7 days incubasiont. However, the
advantige in comidial produciion may not warron! the sdditional cosow alginate produciun
newal bulk cosis up o USSS76 kg™ ' Duiple & Cotty. 199740 althoueh as simplified e
production procedures arc developed, the cost for lginate muy fwll considerable |Daigle
v e, 1997 Daigle erall. 19981 A further potenizl advamage of whem over alginase vhay
has not been tested may be ‘he durmion of B8 imegrity under ficld conditions. therchy
profoncing spore production. In the currend sindy, wheat was consistendy an excellem
subsirae for spore produeiion. Substrites with lireer particle sizex pragduced fower spores,
This mav be explained by the surface arex 10 volume ratios of the differewt seeds. Large
seeds have o proponionately smaller surfuce ared Mrom which tu produce conidia. tn the
current test. seed size variaon wmay have interfered with deseetion of influences from
nuiritional diferences amonge substrates, To evalusse these itftuences, (e variows substriies
should probably have been ground. and uniformiy pelleiized.
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Sterite wheit colonized by A, funy shows remarkible Ivig term stabiluy and oderanee
o heat and moistere. in these stedivs the fungus survived 107 20 manihs with m hws
vinbiflty whent stored @l rowm temperature (and rv (e myistured, E\m At A 1wia
oroisture. survival extended throughout the § month studs.

At & 1wiwi moisture. the end use product survived 70°C Jor w Jeast 21 onin. indeed. 1he
product is routinely dried during manutucture at 38C for 48 b and retains JUU - viabiding.
Previous studies (Daigle & Cotty. 199351 using ulginate forowhnions indicated tentperiture
in excess of 32°C and RH in excess of 30% resuited 10 reduced viabiliny nidhiin o few auoanhs,
The extensive product stability observed in the current study makes produciivit. transpar.
and use mote cainmercinlly compatible This high stahility should alzn atow surviva! during
untyverable periods in the feld after application. Air temperatures m the fickd in Arizona
frequently exceed $0°C TAZMET data, Roll. Avizona. July-September eur the eorld wide
web a hiipsfAwvwwag.arizooa.cdudazmet: Bock, unpublished dutay. but maxing excesd S00C
oulv oceasionally. However, after application wheat may be exposed i bl sun on the soil
surtice 1o temperittures over 70°C (Bock. unpublished dwtal. 1 applicitians are iade
immedimely prior lo irrigation. prolonged exposure 1o wmperatares in excess of 4°C will
be uvolded. !t might be prudent to detay applications until canopy shade can anwliarate the
temperature 1o which the product is exposed.

Cos! saving may be 10ade at several stages in the manutiewiring process. Colauization

- ¢an occur with minimal water (25% moisiure) aud reduced ineubation (18 hy, Dy the curreit
study drving 1o 15% was suflicient 1o preveot fungal erowth i1 storage. This is eousiderably
less drving than previously emploved. 1 Tungal arowth occurs before application flowability

_and dispersubility witt be reduced, Furthermore. pnnnuure fungal growrh wistes resources
needed afler dppthllOI‘l.

The amouo! of colonized wheat secd added in the field is refatively Jow {10 kg ba ™ '1
This application rate efectively reduces aflatoxio without increasing the overalt quantity of
A. fkarnx on the crop {Cottv. 1994). The production of colonized wheat, as outlined here.
requires relutively smull quaotities of conidiz. To put the required quantity in perspeetive.
consider growing 4. fuviee on wheat seed aod using the cooidia from that seed for the buik
inoewlation of further seed. Assuming 1 ¢ (about cight grains) of wheat seed produces
7.0 % 10* conidia. and cach kg of secd requires 1™ conidia for adequate colooization. it
shouid be possible 10 produce 1000 kg of final produc! (i quantity suflicient to treat 18 haty.
with the conidia produced from just ! ¢ of colonized sterile wheat, lo addition, the 4, frusf
wheat seed foripulation is axenic, while the alginaic systens suffers ntivrobial cantaminativu
during the production cyvele [Daigle er af., 19981

Wheat seed colonized with uyoxigenic A. frvwe way have application on iy crops where
aflatoxin cootamination is 2 recurrent problem tBrown vr of. 1991 Dorver ot af., 19921,
Similar formulutioos may ulso be relevant toraflatoxin controt in less develpped countries
where afiatoxin can be a scrious problem on staple Tood like corn (Sematou er of.. 1997
and groundnuts {McDonald & Mchan, {989} {1 seems likely than specific strains well
adapted o, and native in turget reeions and crops will be necded. Hiwrever. the nmnufactur
ing procedurcs outlined here should be widely adaptable even in relatively low technahogey
areds. ’

Finally. graio and other nutural products are routinely wied as media fur cutture of diverse
fuopl ICABL 19831, This may indieate that similer. Wwespensive production iethods may be
applicubic to formulatico of other binpesticides. For exmople. Trivfudernr sp, is eficetively
applied io a pregelatinized starch/fioor granudur formulaton (Lewie o af.. 1995), but work
in Indin {Sarwant er of.. 19937 indicwtes Trivhudoenn Sp. gromat o agriedturat waste also
cootrois fungal pathogens.

Ultimate comntercialization of the whent sced . finvi ormukntion and munufaciuring
provess will depend o ecanomics of production versus the beacfits of allataxin coptrol, i
seemns likely that harring capital investment. the costy of producing sterile wheat colenized
by an aloxigenic straln of A, fliv will be low. The ultimate success of sueh 4 veoture may
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lic with the pereeption ol the economic benetits and nisks both watlnn wgricultoral e
vies und within soeiety as a whole.
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1. INTRODUCTION

Aflatoxins, metabolites produced by several members of Aspergilius section Flavi,
particularly, the fungi Aspergillus flavus and A, parasiticus, occur in food 2nd feed
crops before harvest and during siorage. These compounds are toxic an . extremely -
carcinogenic when introduced into animal systems: therefore. many investigations
have focused upon identifying technologies to inhibit fungal growth and/oer aflatoxin
synihesis in crops to preveni contamination and subsequent consumption of these
1oxic compounds by animals and humans.

A “gene cluster” (over 70 kilobases in size) in A. flavus and A. parasiticus has
recently been identified upon which reside almost all the genes involved in aflatoxin
biosynthesis. A few of these genes appear to be “environmentally responsive,” and
their expression may be regulated by several factors that affect aflatoxin production,
such as temperatre, pH, plant metabolites and carbon. and nitrogen sources. The
molecular regulation of this gene cluster has been characterized in some detail,
including the identification of a regulatory gene and a common regulatory relation-
ship between fungzl development and toxin synthesis. This critical information on
aflatoxin biosvnthesis provides us with an opportunity to target specific sites to
interfere with aflatoxin formation in plants.

Aspergillus flavus is the most common causal agent of aﬁatoxm contamination.
Communities of fungi that fall’ within the species Aspergillus flavus are highly

_diverse, Strains of A. flavus may belong to different genetically isolated groups that
have widely varying abilities to produce aflatoxins. Some natural A, flavus strains
produce no aflatoxins. These atoxigenic stratns have been “seeded” into agricultural
fields so that the atoxigenic strain predominates the fungal communities. The
increase in atoxigenic strain occurrence resulis in reduced vulnerability of crops to
contamination without an increase in the overall quantity of A. flavus in the field.
Identification of critical genes governing afiatoxin forration could also lead to the
conversion of any ecologically successful A. flavus or A. parasiticus strain, through
gene disruption. -into a designer non-aflatoxigenic biocontrol strdin that could be
-used in aflatoxin management programs directed at competitively excluding afiatox-
igenic strains in specific environments.

Effons are also underway to inhibi1 fungal growth and/or aflatoxin formation
through enhancemeni of host-plant resistance. A great deal of knowledge about the
mechanisms involved in naiural resisiance in certain corn inbreds has been produced
through inoculation of kernels with reporter gene-containing A. flavus (1ester strains).
By monitoring the degree of fungal infection and toxin production. resistance mech-
anisms have been ideniified on kernel surfaces, beneath the kemel pericarp, and in
the embryo. Certain kernel physical compoenenis and antifungal proteins have also
been shown to correlate with high levels of resistance in corn varieties. Additional
studies have led to the identification of a variety of antifungal (10 A. favus infection)
peptides, proteins. and genes from several host and non-host species. Knowledge
gained from studies thai establish plani-Aspergillus interactions, host resistance
mechanisms, and consequent afiatoxin formation are being used in plant breeding
and genetic engineering strategies to suppress aflatoxin production in crops.
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1. AFLATOXIN-PRODUCING FUNGI

All afiatoxin-producing fungi may be assigned taxonomically 1o Aspergilius section
Flavi. These include Aspergilius flavus and Aspergillus parasiiicus, as well as several
less common taxa including Aspergilius nomius.’ The afiatoxin-producing group is
considerably more complex than previously thought; for example. strains of
Aspergillus tamarii have recently been shown to produce afiatoxins,” and new taxa
may soon be described as important aflatoxin producers. historically only found in
the previously named taxa.~

A. flavus, a species that is ubiquitous in warm tropical and desert environ-
menis, ¥ is a highly diverse asexual species that can be divided on the basis of
physiological. morphological. and genetic criteria; however, most crop contamina-
tion with aflatoxins is apparently caused by either the S or the L strains of A. flavus.®
The S strain can be separated on the basis of sclerotial morphology and habitat.
The S-strain isolates produce. on average. significantly higher levels of afiatoxins
than typical or L-strain isolates. In some agricultural regions, S-strain isolates
dominate and are responsible for most of the aflatoxin-producing potential of the
resident A, flavus communities.”® However, S-strain isolates frequently vary in
virulence, with certain isolates failing to produce the primary pectinase needed to
ramify through host tissues. %11 Thus. isolates with the greatest afiatoxin-producing
potential do not always have high virulence. Conversely, isolates that do not produce
afiatoxins in crops may be very effective in colonizing and ramifying through plant
host tissue.® :

Aspergillus flavus populations within agriculiural fields are complex. with mem-
bers of the population further divided genetically by vegetative compatibility which
limits gene flow between dissimilar individuals.'? Both S-strain and L-strain isolates
are composed of many vegetative compatibility groups (VCGs).13 Genetically
distinct A. flavus strains frequently interact during dispersal, growth. and crop infec-
tion."* Multiple VCGs commonly reside within a gram of soil or infect a single
seed.!? The influence of these individuals on each other during crop infeciion may
vary widely."* VCGs evolve largely when distinct clonal lineages gradually diverge
as they spread spatially. This gradual divergence among VCGs can be measured by
distinct random amplified polymorphic DNA (RAPD) markers and isozyme pro-
files.”® VCGs may also differ both physiologically and morphologically,”!7 and the
characteristic mos! frequently examined is the afiatoxin-producing ability.

The afiatoxin-producing ability of Aspergillus flavus isolates varies widely. as
well. A significant proportion of A’ flavus populations may not produce afiatoxins
tatoxigenic).” whereas others have the poténtial 10 contaminate infected seed with
over a million parts per billion (ppb). lsolates within a VCG tend 1o have similar
aflaloxin-producing potentials, and certain VCGs have no known members thai

. produce aflatoxins.™? The lack of aflatoxin-producing ability has been most thor-

oughly smdied in isolates of A. flavus and A. parasiicus and other aspergilli used
in food production.'® These latter isolates, typically named A. orvzae and A. sojae.
are domesticated strains of A. flavus and A. parasiicus, respectively, and have been
used to produce soy sauce and other fermented foods for centuries.*!®
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11, ECONOMIC SIGNIFICANCE OF
AFLATOXIN CONTAMINATION

Afiatoxins have been found in many foods of animal and plant onigin. including
corn meal. peanuts. cottonseed. spices, cassava, pistachio nuts. rice. cocoa. bread,
macaroni. copra. Brazil nuts. oilseeds, pumpkin seeds. meat pies. milk. cheese,
sausage. and cooked meat. In the U.S.. frequent preharvest contamination of comn,
cotton. peanuts. and tree nuts is of major concem because of the economic impact
of destroving contaminated crops.

Since their discovery in 1960, aflatoxins have been implicated in carcinogenicity,
mulagenicity. teratpgenicity. hepatotoxicity. and afiatoxicosis. Currently. 18 different
afiatoxins are known, The most important members of this family of toxins are B,
B.. G,. G. (see Figure |4.11 M,. and M,. Of these, aflatoxin B, (AFB,) is the most
common and also the most carcinogenic. AFM, is a contaminant in the mitk of cows
fed with AFB,-contaminated feed and is considerably less toxic than AFB,.

Epidemiological studies have provided evidence of the carcinogenicity of afla-
toxin B, to humans (for several reviews, see reference 20). The liver is the primary
target organ in many animal species: however, tumeors in.other organs have also been
observed in afiatoxin-treated species. lronically, this effect arises as a result of the
detoxification response in animals. Highly reactive afiatoxin derivatives (8.9-epoxy-
aflatoxin B) can intercolate DNA and form DNA-afiatoxin adducts. Subsequent
cellular repair of the adducts often leads to G-to-T transversion in the coding regton
of genes. panticularly that of the tumor suppressor gene. p53. A very high incidence
{679 of liver carcinomas ip Senegal. China, Swaziland. and Mozambique bear the
characteristics of aflatoxin-induced mutation of the p33 wmor suppressor gene: This
mutation has also been associated with liver cancer in Mexico. The binding of AFB,
to DNA atso leads to the formation of single-stranded -gaps. As a resuit, it inhibits
DNA polvmerase activity at DNA binding sites. This stimulates an error-prone repair
systern that may induce mutarion, Furthermore. it has been suggested that AFB, is
teratogenic due to its prenatal effects on certain animals. ks inhibitory effect on
protein svnthesis of eukarvotic cells can impair differentiation in sensitive primordial
cells. According to epidemiological studies. raising the permissible limits of afia-
toxins in foods in the U.S. would not greaily increase the incidence of liver cancer;
however. there is a worldwide epidemic of hepatitis C. and hepatitis C patients with
impaired liver funciion may be much more susceptible to afiatoxins than healthy
people. .

The national economy would be affected adversely both by the losses incurred
bv crop and livestock producers when afiatoxin-contaminated crops are destroyed
due 10 regulatory resirctions and by the multiplier effect this would have on other
industries as a result of the reduced spending power of preducers.”* Additonally,
the costs of chemical analvses. quality control and regulatory programs. research
and development, extension services. law suits, and human illness must all be bome
by the nationat economy. The direct cost of afiatoxin contamination in com in 1980
to all of the southeastern states was estimated to be greater than S237 million.*?

While the shom-run cosis are’ substanmial for the individual and for sociery, thev
may be greater in the long run if recurrent afiatoxin (for example. in com) cannot
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be eliminated or detoxified. Farmers who are unable to market their com will
uitimately shift acreage 10 other crops such as sovbeans or grain sorghum. which
have less vear-to-vear nsks and considerably less ner returns. Thus, the growers in
affected areas will have fewer cropping options and be forced 10 bear market forces
on the few crops they can grow.

The economics of afatoxin conlamination are an issue primarily relevant [0
developed countries where tood is in ample supply. In developing countries. where
food is sometimes in short supply, long-term health implications of aflatoxin contam-
ination are commonly overlooked. However, economies of deveioping countries could
be seriously affected when the presence of even the smallest amount of 10xin in export
commodities is rejected by countries that strictly adhere (o regulatory guidelines for
levels of toxin in agricuitural products for human or animal consumpiion.

V. CONTROL OF PREHARVEST
AFLATOXIN CONTAMINATION

Aflatoxin formation before or after crop harvest cannot be prevented thus far. but it
can be reduced by approptiate management practices. Due to the human and animal
health implications. intense efforts worldwide are underway to remove aflatoxin
from foed and feed supplies. Attention has been focused on the preharvest control
of aflatoxin contamination. because that is when the fungi first colonize host tissues.
This emphasis would obviaie the need 1o detoxify large quantities of contaminated
malterials and avoid the uncertainties of gaining approval from regulatory agencies
for the use of deioxified seeds for animal feed or human food. However, control
strategies should also include methods for detoxifying contaminated products resuil-
ing from prevention measures thai are not always compietely successful. Detoxifi-
cation can prevent totai ioss of vaiuable foodsiuffs and reduce the burden of con-
1amination al the farm gaie (for reviews on detoxification procedures see references
20. 24-261

A. CONVENTIONAL METHODS

Several agronomic practices have been shown to reduce preharvest aflatoxin con-
tamination in certain crops.” including the use of pesticides (fungicides and insec-
ticidesy. altered cultural practices tsuch as irrigation), and the use of resistant vari-
eties. However. such procedures have only a limited pown[iai‘ for reducing afiatoxin
levels in the field. especially in vears when environmenial conditions are particularly
favorable to the comamination process (for review. see reference 281,

B. Use oF NATURAL PRODUCT INH(BITORS
To CONTROL ArFLATOXIN CONTAMINATION

There are several plant-derived inhibitors of aflatoxin svnthesis. and this subject has
been reviewed extensively.” Inhibitors with unknown modes of action have been
discovered in our laboratory303! that could be directly applied 10 crops in the field.
Examples of 'nawral producis that may have potential in augmenting hosi-plant
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resistance against A. flavus infection are certain plant-derived volatile com-
pounds. 30324 ‘

C. ContrOL OF AFLATOXIN CONTAMINATION
THROUGH BIOTECHNOLOGY

Because conventional methods are only partially effective and are not expected (o
achieve the extremely low or negligible levels of aflatoxin required to meet reguiatory
guidelines for the sale and export of commercial food and feed. there is an increasing
need to develop new lechnology to reduce and eventually to eltminate preharvest
aflatoxin contamination. Three biotechnological approaches are being developed 1o
exclude toxigenic fungi from their environmental niches and to regulate fungal
growth or aflatoxin biosynthésis in crops:

1. Inhibit biosynthetic or secretory processes responsible for aflatoxin accu-

mulation.

Replace aflatoxigenic strains with non.aflatoxigenic (biocompetitive)

strains in the field. _

3. Enhance host resistance by marker-assisted plant breeding or by genetic
engineering of plant varieties to specifically express antifungal agents in
the susceptible plant tissues (e.g.. infected seed tissues).

18]

V. AFLATOXIN BIOSYNTHETIC PATHWAY

Elimination of preharvest aflatoxin contamination through plant-induced inhibi-
1ion of biosvnthetic or secretory processes responsible for toxin production®-"
would significantly benefit from additional knowledge about the fundamentai molec-
ular and biological mechanisms thai regulate the synthesis of aflatoxin by the fungus.
Previous studies have determined that aflatoxins are synthesized by the polyketide
metabolic pathway (for reviews, see references 38—40). The generally accepted
scheme for aflatoxin biosynthesis is acetate — polyvketide precursor — norsolonnic
acid. NOR - averantin, AVN — 5’-hvdroxvaverantin, HAVN — averufanin, AVNN
— averufin, AVF — versiconal hemiacetal acetate, VHA — versiconal, VAL —
versicolorin B, VERB — versicolorin A, VERA — demethylsterigmatocystin,
DMST - sterigmatocystin, ST — O-methylsterigmatocystin. OMST — aflatoxin
B,. AFB, (Figure 14.1).

Specific enzyme aciivities, including those of reductase. dehvdrogenase. cyclase,
desatwrase, P-450 monooxygenase. and O-methyliransferase. have been associated
with precursor conversions in the aflatoxin pathway {for reviews. see references
38-41). Some of these enzymes have been partially purified. whereas others have
been purified to homogeneity (for reviews, see references 38—4] and references
therein). The genes encoding most of these enzymes have been cloned (for reviews,
see references 36, 37. 42) (Figure 14.1). Allernate pathways may exist at several
steps in the aflatoxin pathway:** therefore. more than one enzyme may catalyze the
same reaction - for example. the reductase/dehvdrogenase encoded by norl. nord,
and norB8.4* Also, independent reactions and different chemical precursors involved
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in AFB, and AFB; syntheses are catalyzed by common enzyme systems — that {s.
O-methyltransferses encoded by omzA and onmtB 50 and the P- 430 oxidoreductase
encoded by ord4 315

Genetic studies of A. flavus and A. parasiricus were hampered by the lack of a
sexual stage in these fungal species. Nonetheless. by means of parasexual cycle
analvsis, over 30 genes have been mapped 10 eight linkage groups.*** Pulsed-field
gel electrophoresis has helped resolve karyotypes and define genetic maps of these
imperfect fungi.’*%¢ Karvotyping of several A. flavus and A. parasincus strains shows
that there are six 10 eight chromosomes ranging in size from approximately 3 to 27
Mb.** The affatoxin genes were mapped to linkage group VII in A. flavus.

Genetic complementation has been a valuable tool in the cloning of afiatoxin
biosvnthesis genes.’? Chromosomal walking and cross-hvbridization studies have
establishedythal genes for aflatoxin synthesis in A, parasiricus and A, flavus 38 as
well as sierngmatocysiin svnthesis in A. nidwlans. are clustered.®' One of these genes.
afiR. involved in the transcriptional regulation of aflatoxin and sterigmalocystin
biosynthesis.®* has been characterized from A. parasiticus. A. flavus. and A. nid-
ulans. The function of AFLLR proteins {s conserved among the three aspergill{.*
Expression of genes in the AF/ST clusters is co-regulated by AFLR. and AFLR
binds to the promoters of aflatoxin biosynthesis genes.s67 AFLR also appears {0
regulate its own expression.®* The transcription activation domain tn A. parasiticus
AFLR ‘has been localized to its carboxy-terminal region.®® Recently, a regulatory
association between aflatoxin biosvnthesis and fungal development has also been
suggested. $-7! Regulatory factors other than AFLR that play a role in aflatoxin gene
expression as well as in fungal survival must be identified 1o provide effective
manipulation of these toxigenic fungi.

Expression “probes” based on cloned aflatoxin genes and the use of reporter
gene technology could be used 1o identify phytological agents that naturally inhibit
afiatoxin biosynthesis. ™ This knowledge could then be used to improve resistance
10 aflatoxin contamination through marker-assisted plant breeding or genetic engi-
neering procedures. Plant chemicals from crops vulnerable 1o aflatoxin that modulate
aflatoxin biosynthesis have been reporied: 337577 however, additional knowledge
1s needed with regard 1o the identity, synthesis, and tissue sites of these plant
components that influence aflatoxin synthesis during plant-fungus interaction.

The complete characterization of aflatoxin-genes and their regulation not only
has been extremely benehicial in our understanding of how the toxin is produced by
the fungus when it invades a crop, but has also aided in the success of other projects
seeking to develop non-aflatoxigenic biocompetitive fungi or to monitor crop resis-
1ance to fungal growth and aflatoxin formation.

. STRAIN INTERACTIONS AND BIOLOGICAL CONTROL

Not only may individual isolaies, strains. and VCGs differ in afiatoxin-producing
potenual. but corrmunities of fungi found in differen: areas may also have different
afiatoxin-producing potentials.”® The latter mav contribute 10 varability in crop
vulnerability 1o aflatoxin contamination in different regions and different fields. The
lack of correlation beiween the ability to produce aflatoxins and a producing strain’s
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ability 1o colonize and infect developing cotion bolls® suggested that atoxigenic
strains of A. Aavus could exclude aflatoxin-producing strains throvgh competition
during infection of developing crops and thereby prevent aflatoxin contamina-
tion. 87137 [n both greenhouse and field experiments, simultaneous wound inccula-
tion of developing cotton boils and com ears with toxigenic and atoxigenic strains
resuited in reductions in aflatoxin contamination of the developing crop parns as
compared with controls inoculated with only the toxigenic strains.®*! Ajthough not
all atoxigenic strains reduce contamination by aflatoxin-producing strains during co-
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infection of crops. cernain atoxigenic strains consistently cause reductions of 90%
or more, 138! ' : '
Greenhouse and laboratory tests tndicate that the mode of action of the atoxigenic
strains is primarily through competitive exclusion.’® Application of atoxigenic strains
in the field has also been shown to be effective at preventing postharvest aflatoxin
contamination both when the crop is infected by afiatoxin producers naturally in the
field and when noculated after harvest,* Taken together. the greenhouse and labo-
ratory tests suggest that competitive exclusion of afiatoxin-producing strains of A.
Aarus with atoxigenic strains of the same fungal species may provide an efficient
method for reducing afiatoxin accumulation throughout crop production, storage.
and utilization.57831.83 These tests. however, rely on direct application of the atoxi-
genic strains to either fresh wounds in the crop or to harvested kernels. To circumvent
this drawback. Cotty et al.* have developed a practical method for applying the
atoxigenic sirains in an agriculwral setting. Efforts to use atoxigenic strains to
prevent contamination is limited to three crops: peanuts and corn in southeastern

FIGURE 14.1 Summary of the cluster of afatoxin pathway genes. eorresponding biosyn-
therie enzvmes. and precursor intermediatas involved in the aflatoxin B, and B, synthesis.
The generally accepied aflatoxin B, and B, biosynthetic pathway in A. parasiticus and A.
favus and the identified enzvmes for some specifie conversion sieps and cloned genes are”
schematically presented. The regulatory gene, afiR. eoding for the pathway regulatory factor
(AFLR protein). comrols the expression of the siructural genes at the transeriptional level.
The fas|. fas2. and pksA gene products. fany acid synthase, and polyketide synthase, respec-
tively, are involved in the conversion steps between the initial acetaie Unit to the synthesis of
the decaketide backbone in aflatoxin synthesis. The aor| gene encodes a reductase for the
conversion of NOR to AVN. The avnA gene encodes a P-450 monooxygenase for the con-
version.of AVN 10 HAYN. The afl/ gene has also been demonstrated to be involved in the
regulation of afiaioxin biosynthesis. but the role is under investigaton. The adhA thomology
10 an alechol dehvorogenaser norA thomology 1o an arvl-alcohol dehydrogenase), verd
1encoding a dehydrogenaset. avfA, and cyp450 gene produets have been demonstrated 1o be
functioming at various stages of the pathway. but their exact enzymatic role has not been fully
characterized and is under investigation. The omrA gene encodes an O-methyluransferase for
the conversion of 5T to OMST and DHST 10 DHOMST. The vbs gene encodes a Ver B
synthase {evclasel. which has been reported 1o be involved in the conversion of VHA 10 Ver
B, The ord4 gene encodes an oxidoreductase for the conversion of OMST 1o AFB, and
DHOMST 10 AFB, and is also involved in the conversion of OMST 1o AFG, and DHOMST
1o AFG., The estA gene encodes an esterase involved in the conversion of VEA 10 VAL, The
vertical bar on the lefi represemis a1 least a 75-kb aflaioxin pathway gene clusier with identified
genes shown 1n the open boxes. The names of the individual genes are labeled next 10 the

- open boxes. ArTows inside the open boxes indicaie the direction of transeription. Arrows
mdicate the relationships from the genes 10 the enzymes they encode. from the enzymes 1o
the bioconversion sieps thev are involved in. and from the imermediates to products in the
aflaloxin bioconversion steps. Abbreviations: NOR. norsolorini¢ acid: AVN, averantin: HAVN.
3-hydroxyaveraniin: AVNN, averufanin: AVF, averufin: VHA. versiconal hemiacesal acetate:
VAL. versiconal: Ver B, versicolorin B: Ver A. versicolonn A: DHST, dihvdrosterigmatocystin:
ST. sterigmatocystin: OMST, O-methylsterigmatocystin: DROMST. dihvdro-O-methylsteri-
gmatocysiin: AFB, aflatoxin B,: AFB.. afiatoxin B.. .
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FIGURE 14.2 Cover of the 1998 Cotion Foundation annual report shows wheat colonized
by an atoxigenic strain of A. flavus as i1 is applied (right) and afier the fungus has grown out
(ieft). The couon industry has been enthusiastic aboul the potential for atoxigenic sirain
technotogy 1o prevent afiatoxin contamination, o

U.S. and cottonseed in Arizona.308.45-8 Emphasis at the Southern Regional Research
Center has been on the application of atoxigenic strain technology to contro! aflatoxin
contamination of cottonseed in regions of Arizona. In the U.S., aflatoxin contami-
nation of cottonseed is most consistent and severe in the irrigated western desert.y’
Cotionseed produced in these valleys has a relatively high value per acre due to both
high yields and high demand for cottonseed within the area.

A. DevetopinG ATOXIGENIC STRAIN TECHNOLOGY

An aflatoxin-prevention technology based on atoxigenic strains of A. flavus was
developed (Figure 14.2) for use in the region of Arizona with the most frequent and
severe aflatoxin contamination of cottonseed.® For use in Arizona, 2 solid formnula-

tion of atoxigenic A. flavus has been developed in which whole wheat seeds are

sterilized and colonized with ttie strain of choice ¥ This formulation has multiple
year stability and tolerates exposures up to 70°C.* The fungus. in this formulation,
can withstand both the severe conditions of on-(arm storage during the surmnmer
months of the desert and direct exposure o Arizona's severe summer conditions
after applicadon. _

For atoxigenic strains of A. flavus 10 be useful during crop production, they must
be applied at a time and in a manner that allows them to cornpete successfully with
aflatoxin-producing strains, In theorv. application of an aloxigenic A. flavus strain
when overall A. flavus levels are low should give the atoxigenic strain preferential
exposufe 10 the developing crop and thus the advantage in competing for crop
resources during infection and during 4. Aavus population increases associated with
crop production*** The atoxigenic strains are routinely applied at 10 b per acre,
but it should be emphasized thai u is the timing of apolications thar dictaes success.
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FIGURE 14,3 Relationship beiween the incidence of an applied atoxigenic strain in the
infected portion of the crop and the guantity of aflatoxins in that crop. (Redrawn from Couty,
P.I.. Phviopathology, 84, 1270, 1994.)

Dunng seasons when aflatoxin contamination is severe. A. flavus populations
increase as the corton crop is produced.®

Strains are seeded into cotton fields immediately prior to first bloom. As in
greenhouse tests,!* it was found that strains differ in efficacy in the field. and selection
of the proper strain and the indculum rate may potentially determine the extent of
success of a biological control strain.® The strains are applied to the sotl surface ~
under the crop canopy in the form of colonized sterile wheat seeds. When the crop
is subsequently irrigated. the atoxigenic strain utilizes the resources in the colonized
wheat seed, sporulates, and disperses to the crop, Wheat seed colonized by atoxigenic
strain Aspergillus flavus AF36 has been evaluated in small-scale test plots since
1989.%1 Strain seeding has caused large and significant changes in the A. flavus
population on the crop and in the soil. Applications have resulted in the applied
atoxigenic strain becoming dominant in the field and aflatoxin-producing strains
becoming less frequent.® These changes in the A. flavus populations have been
associated with very significant reductions (75 to 99%) in aflatoxin contamination
An inverse relationship between the incidence of the applied strain on seed from
treated and control plots and the concentrations of aflatoxins in the seed has been
well established (Figure 14.3).

A. flavus typicallv becomes associated with crops in the fieid during crop
developmeni. Field plot iests indicate that atoxigenic strain applications do not
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increase the amount of A. flavus on the crop at maturity or the percent of the
: cottonseed crop infected by A. flarus.®? Both toxigenic and atoxigenic A. flavus that
| become associated with the crop in the field remain with the crop during harvest.
storage. and processing.®! Thus. crop vulnerability to aflatoxin contamination
remains until the crop is uliimately processed or consumed. and atoxigenic strains
seeded into agricultural fie...s prior to crop development continue 10 remain with
the crop. providing long-term postharvest protection.? Atoxigenic strains applied
both prior to harvest and after harvest have been shown to provide protection from
aflaioxin conmlamination in com.** even when loxigenic strains are associaled with

the crop prior Lo application.

B, Suirasiuty of BioLoGicat CONTROL STRATEGY

Economics of aflatoxin conlamination will probably diciate the regions in which
atoxigenic Strains are utilized. The current projected cost 1o produce maierials by a
grower cooperative for atoxigenic strain applications is expecied to be S5/acre or
less. If weatments are 70% effective and an average of 40 to 70% of seed is above
20 ppb aflatoxins and the benefit of having aflatoxin-free seed is 520 1o 340 a ton.
then growers will gain an average return above an initial S5/acre investment of .
$0.60-514.60/acre in regions where one ton of coionseed is produced per acre. In
severe aflatoxin years, even with a 90% reduction in contamination. growers may
achieve no economic gain because the resulting crop will still contain over 20 ppb
-aflatoxin B,. In certain regions, cottonseed crops containing over 1000 ppb are not
uncommon.** Benefits could also arise from the applied atoxigenic strains remaining
with the crop until use and thus preventing increased contamination during transit
and in storage at dairies and reducing litigation. Economics might be improved by
both long-term and cumulative benefits resulting from the strain’s ability to remain
in fields unti) the next crops are planted. Further. hield-plot tests have demonstrated
that atoxigenic strain applications have a long-term infiuence on A. flavus populations
resident in agricultural fields.®*% Thus. atoxigenic strain applications have benefits
over multiple seasons. and long-term, area-wide changes in the afiatoxin-producing
potential of A. flavus populations can be achieved.

Just as dust doesn’t stay in the Held where it was raised. fungi do not stay in o
the field to which they were applied. Over time. therefore. applications could reduce
contamination in an area as a whole. This should facilitate the development of either
gin-wide or community-wide management programs, In areas where multiple crops
are affecied by conlamination {e.g.. com, coton, and peanuls). reatments to one
crop could possibly benefit all crops. Nonetheless, a better understanding of the
long-term benefits of atoxigenic sirain applications are needed prior to development
of area-wide management programs based on this technology.

Tests 1o evaluate the longevity of changes to A. flavus communities induced by
aloxigenic strain applications to commercial cotton fields in Arizona have been
conducted since 1996. The experimental program included treatments over a 3-vear
penod (1120 acres total and monitoring the A, favus community from 1996 through
1999 %% Both a scaled-up laboratory procedure for producing inoculum® and a
guality conwol program were approved by the Environmental Prolection Agency
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(EPA) for use under Experimental Use Permit 69224-1. During this period. over
: 11.000 Ib of colonized wheat were produced in the laboratory. The product was
shipped without refrigeration to growers in food-grade. 3-gallon polvethvlene buck-
e1s and was stored on-farm without special care until use, Different treatment regimes
were applied to different fields. with some fields receiving treatmen: only in a single
vear and others receiving treatments in multiple vears.™

Sterile wheat seed colonized by an atoxitgenic strain was applied 1o 22 fields
ranging in size from 10 to 160 acres from 1996 w0 1998, The maierial was applied
either by air or on the ground at-the rate of 10 |b per acre. In order 10 monitor
changes 10 the composition of A. flavus populations, soil samples were collected
prior to application each vear. From 1996 through 1999. over 8000 isolates of A.
Havus were cultivated from soil samples 1aken from the treatmen: areas. isoiates
were characterized by strain, and those assigned to the L sirain of 4. favus were
further characterized by vegetative compatibility analysis in order 1o determine
applied sirain distribution.™

One year after application. atoxigenic strain incidence was greatly increased.
and incidence of the highly toxigenic S strain was greatly decreased in treated and
adjacent fields.** The applied strain incidence gradually deciined by the second year
after application: however, even with this decline. the atoxigenic strain remained in
treated fields at levels significantly higher than prior to treatment. The incidence of
1the applied strain in fields adjacent 10 weated fields | and 2 years after application
was variable.?* Thus. when planning area-wide management. possible directional
movement of the applied strains from treated to untreated fields should be considerad.
Crop and crop stage. not only in treated fields but also in nearby untreated fields.
a1 application are imponant determinants of the exteni o which long-term and area-
wide benefits are achieved.

Resuits of initial field swudies have allowed the Arizona Cotton Growers Asso-
ciation to pursue research and devclopmem of an area-wide aflatoxin management
program utilizing atoxigenic strains of A. flavus as a central component.™ The
Arizona Cotton Research and Proteciion Council has taken the lead in partnership
with the Agricultural Research Service 1o develop an effective management program
o and 1o establish a grower-owned facility for the production of commercially useful
.‘ ' quantities of atoxigenic strain inoculum. The Arizona growers applied in 1998 to

the EPA for an atoxigenic strain registration that would permit treatment of all cotton

in Arizona. In 1999, an expansion of the Experimental Use Permit was received that

atlowed treatment of up to 20.000 acres per annum.® Over 10.000 acres were treated

in 1999. Improvements to the manufacturing facility were expected before treaiment

of the vear 2000 crop. Once the Arizona growers have a facility that can produce

the quaniity and quality of materiai required. they will have to undergo a development

- _ series during which the agronomic praciices associated with atoxigenic strain use

are optimized to achieve both singie-season benefit and long-1erm. area-wide reduc-

tion in the afatoxin-producing potential of fungi resident in Arizona's agricultural
areas.

Seleciion and seeding of fungal strains could. ultimately. become a useful too}
in reducing the vulnerability of ali crops grown in treated areas to aflatoxin contam-
ination. Such selection and seeding of fungal strains mav also be useful for other
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fungi that either cause contamination problems or provide needed acuvities in the
agroecosystem. Some management of or modification to the local fungal strains may
be required 1o enhance effectiveness in different geographical regions. Deveiopment
of methodologies to specifically genetically modify A. flavus communities offers the
opportunity to exert an unprecedented control over the safety and benefits of the
filamentous fungi in the agricultural environment. This extends bevond the use of
our extensive knowledpe of the regulation of aflatoxin biosynthesis 10 consuruct
specific gene-disrupted strains without the ability to produce afiatoxins. This poten-
1iai extends 1o the development of “designer microbes™ . ideally suited 1o the envi-
ronment in which they must compete and with safety features that may preclude
animal pathogenesis or allergenicity.

VII. ENHANCEMENT OF HOST-PLANT RESISTANCE TO
THE AFLATOXIN CONTAMINATION PROCESS

Traditional breeding or genetic engineering of plants with genes expressing either
resistance against fungal tnfection or inhibition of aflatoxin biosynthesis most likely
wouid achieve significant control of aflatoxin contamination. This is especiaily wue
for corn, which possesses a large amount of natural genetic diversity with respect
to fungal infection. Naturally reststant crop germplasm, if identified, provides us not
only with a source of resistance but aiso nature’s lesson as 1o the specific require-
ments of resistance (e.g., antifungal compounds, regulation of these compounds, and
physiological conditions for bioactivity). Studies in which various crops have been
- tnoculated with aflatoxin-producing fungi have shown clearly {particularly in com)
that resistance mechanisms exist; however, ourknowledge about resistance is incom-
piete, and little is known about the specific genetic and/or biochemical traits required
for the expression of significant resistance againsi the aflatoxin contarnination pro-
cess.
Research efforts focusing on the development of crop germpiasm with resistance
10 insec! injury and effects of drought, acting along with resistance against fungal
growth and aflatoxin production. could prove beneficial. in com. the focus has
included: (1) indirect protection of developing kemels by husk cover and anti-nutri-
tional substances in silks, (2) direct protection provided by kemel compounds that
block funga} development, and (3} direct protection provided by external i integuments
of developing kernels.*” Investigaiions have also centered on identification of resis-
1ance to drought stress and insect damage as useful and obtainable traits®” Insect
damage is often positively correlated with aflatoxin contamination: however, insects
probably play a more important role in the infection process of A. flavus when
conditions are less favorable for the fungus.®® Under conditions more favorable to A.
flavus (high 1emperatures, drought stress), the role of insect injury in aflatoxin con-
tamination probably diminishes.?® A. flavus may even display {imited parasitic abilities
under such conditions swressfuj to the plant.®® In cotton. pink bollworm damage has
been closely associaled with aflatoxin contamination, and resistance 10 pink bollworm
was thought 10 be a potential solution to the cottonseed aflatoxin contamination
problem.!® Early field-plot results with transgenic Bt couons indicated that these
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cottons were both highly resistant to pink bollworm and 1o aflatoxtn contamination.'®'
When commercial crops were evaluated. the transgenic Bt cultivars continued to
express very strong, sustatned resistance to the pink bollworm: however. Bt cotionseed
lots highly contaminated with aftaoxins were rapidly identifted.'® and in some loca-
tions differences in afiatoxin contamination between transgenic Bt and conventional
cultivars were not seen in the commercial crop.”' %! This may be true for corn. as
weil %= '

Current research efforts are primarily focused on kernel/seed morphologic and
chemical (e.g.. antifungal proteinst resistance to fungal infection. The resistant
genotypes generally inhibit aflatoxin production indirectly. through the inhibition of
fungal growth.7-10%.10

A. CuURRent PROGRESS tn PLANT BREEDING STRATEGIES
1. SCReENING TECHNOLOGIES

Screening crops for resistance 1o kernel or seed infection by A. flavus ot for resistance
to aflatoxin production is a more difficult task than most disease screening. Success-
ful screening in the past'® has been hindered by the lack of: (1) a resistant control.
{2) inoculation methods that yield infection/afiatoxin levels high enough to differ-
entiate among genotypes (natural infection is undependable), {3) repeatability across
different locations and years. and {(4) rapid and inexpensive methods for assessment
of fungal infection and aflatoxin levels. Several plant inoculation methods for assess-
ing crops such as com and cotton for resistance 10 A. flgvus invaston and subsequent
aflatoxin contamination have been tried with varving degrees of success — for
example, the pinbar inocujation technique for inoculating corn kernels through husks
with the fungal conidia. the silk inoculation technique in corn. infesting com ears
with insect larvae infected with A. flavies contdia. wound inoculation of cotton bolls
or tree nuts to mimic the exit holes of insects, etc.'®'"* Amending soils containing
developing peanuts has also been examined for assessing resistance 10 A. favus
infection. 0111

a. Corn

Screening studies to evaluate various crop genotypes for resistance to afiatoxin
contamination have demonstrated differential levels of resistance in the crops. but
the genotvpes all showed only partial resistance. However. 1wo resisiant corn inbreds
(Mp420 and Mp3 |3E) were discovered and tested in field trials at different locations
and released as sources of “resisiant” germplasm.''*#!! The pinbar inoculation tech-
nigue (a precision kemei-wounding technique’ was one of the methods employed
in the initial trials. and conuibuted towards the separation of partially resistant from
susceptible lines.!"* Several other-corn inbreds, demonstrating partial resistance to
affatoxin contaminaiion in lllinois field wials (employing a modified pinbar tech-
nique). also were discovered.!"” Another source of partially resistant germplasm is
the corn-breeding population GT-MAS gk, which was derived from visibly classified
segregating kemels obtained from a single fungus-infecied hvbrid ear."'s It tested
reststant in trials conducted over a 3-year period. where a kernel knife inoculation
techmque was employed. These discoveries of partially resistant germplasm may
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have been facilitated by the use of inoculation techniques capable of repeatedly
providing high infection/aflatoxin levels for genotype separation to occur. These
corn lines do not generally possess commercially acceptable agronomic traits: how-
ever. they may be sources of resistance genes and. as such. provide a basis for the
rapid development of host resistance strategies to eliminate afiatoxin contamination.

b. Peanuts

Several sources of resistant peanut germplasm have also been identified from a core
collection representing the entire peanut germplasm collecuon.''* Over 93% of this
core has been preliminarilv screened in a single environment: |6 genotypes tested
over 3 vears in two environments still displav low levels of aftatoxins. A possible
link between low linoleic acid content in peanuts and low preharvest aftatoxin
produclion has been indicaied.''? Significant correlations have also been observed
between leaf temperature and aflatoxin levels and/or visual siress ralings and afia-
toxin Jevels. The preliminary screening of peanut genotypes using either or both of
these traits could greatly reduce expenses involved in developing resisiant cultivars,
The promising germplasm. however, has less than acceptable agronomic character-
istics and is being hybridized with those with commercially acceptable features.
Resistant lines are also being crossed to pool resistances to aftatoxin production. To
date. some success has been achieved in identifying resistant peanut germplasm,
and field studies are being conducted by various researchers to verify this trait.
Methods to improve screening of peanuts for resistance o A, flavus have been
developed. A system of evalvating peanuts in the field through the manipulation of
drought stress was successfully tested.'" Also. an in vitro seed culture system
demonstrating water stress responses in peanuts. similar to field responses. and
variations in peanui phvtoalexins and aftatoxin levels appears potentially useful,!""-!?

c. Tree Nuts

Among tree nuws. strategies for controlling preharvest aflatoxin formation by breed-
ing for host resistance have been mostly studied in almonds and walnuts.''3-1% The
approach emploved in this effort is 10 integrate multiple genetic mechanisms for
control of Aspergillus spp. as well as Navel orangeworm (Paramyelois transitella
Walk}. which appears important for initial fungal infection. Resistance to fungal
colomzation by incorporating seed coat resistance to infection is being pursuved:
however, genotypes demonstraling inhibition to fungal infection in seed tissues have
been inconsistent over different environments.!" Studies have also been conducted
with figs and pistachios 1o identify the mode of infection of these crops by A. flavus,
Once this parameter is clearly understood, swrategies could be developed to identify
germplasm with agronomically desirable characteristics and resistance 1o fungal
infection, 120121 '

Generally speaking. crop varieties showing reduced levels of aflaloxin contam-
ination have been produced by plant breeding: however. unacceptable levels of toxin
still resulted when the plants’ were exposed to severe environmental pressures.
Hindrances 1o resistance screening. discussed above. cerainly playved kev roles in
this lack of success.!'> Screening for resistance can produce useful results. but
specific resistance traits or markers must be measured before appropriate breeding
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arid selection techniques can be properly exploited.'=> Plating kernels or seed to
determine the freguency of fungal infection orexamining com kernels for emission
of a bright greenish-veliow fluorescence (BGYF) are methods that have been used
for assessing A. Aavus infection.'®® While these methods can indicate the presence
of A. flavus in seed. neither can provide accurale quantitative or tissue-localization
daia useful for effective resistance breeding. Several other prolocols have been
developed and used for separation and relatively accurate quantitation of aflatox-
ins.'*313 but fungal growth quantitaiion has not been possibie uniil recentiy. with
the genetically engineered fungi containing a reporier gene as a growth indicalor.

2. Novel Screening Methods To Better
Assess Fungal Infection and Crowth

A laboratory kernei screening assav (KSA} has been developed and used 1o study
resistance 10 aflatoxin production in GT-MAS:gk com kemels.!*® KSA is an inex-
pensive humidity chamber technique in which kemels are screened at 100% humidity
and 31°C. conditions that favor A. flavus growth and aftatoxin production.™ Data
from KSA experiments can be obtained 2 weeks after experimenis are jnitiated.
KSA experiments have confirmed GT-MAS:gk resistance to aftatoxin production
and have demonstrated that the resisiance is maintained even when the pericarp
barrier. in otherwise viable kemels, is breached by wounding.!** The wounding
experiment facilitates both differentiation between different resistance mechanisms
and comparison with other traits (e.g.. fungal growth, protein induction|. Apparenily.
there are two levels of resisiance: one at the pericarp and another at the subpernicarp
level. KSA studies have demonstrated that the pericarp wax composition inftuences
the kernel resistance phenotype!®19412¢ and that there are quantitative and qualitative
differences in pericarp wax beiween GT-MAS:gk and susceptible genotypes. '
Kernel screening assays have aiso confirmed sources of resistance among inbreds
1ested in lilinois feld wrials.”*'* When selected resistant !Hlinois inbreds (MI182, CI2,
and Ti 15t were examined by the modified KSA. which included an A, flavus-GUS
wransformant (2 strain genetically engineered with 2 gene construct consisting of a

* B-glucuronidase reporter gene linked to an A. flavus 8-tubulin gene promoter for

monitoring fungal growth), a positive relationship between the degree of fungai
infection and aftatoxin leveis was established.”'**1*? Moreover. kemel resistance 1o
fungal infection in nonwounded and wounded kemnels was clearly demonstraied
vispally and quantitativeiy.'*® Thus. 11 is now possible to accuratelv assess fungal
intection levels and to determine if a correlation exists between infection and afla-
toxin levels in the same kernels. A. Agvus GUS transformants with the reporier gene
linked to an aftaioxin biosynthetic pathway gene could also provide a quick and
economical way 10 indirecdy measure aflatoxin levels.!?120

The kernel screening assay has several advantages 10 complcmem traditional
breeding techniques:'*'*% [ 1) it can be performed and repeated several times
throughout the vear and outside of the growing season: (2} il requires few kemneis:
{31 i1 can detectidentify different kernel resistance mechanisms: (4) it can dispute
or confirm field evaluations {e.g 1denufv escapest and (5} it can correlate findings
and inoculations in the field. Flcld mais are irreplaceable for conﬁrmauon of
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A. flavus: (2] gene promoters also must be selected that will allow appropnate
expression of antifungal genes. at a desired time. in the candidate crop: and (3)
genetic transformation needs to be adapted to each specitic crop.'* Resistance 10 A.
Aavus infection in plants could consist of an interaction of muhiple components and
biochemical changes that are either preformed or induced upon past invasion. Stim-
ulation by elicitors may result in changes in gene expression and induction of
pathogenicity-related (PR} proteins.’**-"** Muliiple genes goveming constiwtive and
inducible metabolic factors/mechanisms may exist and be expressed optimally a1
differem stages of seed/kermnel mawration. Development of optimal hosi-plant resis-
tance through genetic engineering will require a sound understanding of the muitiple
factors that endow a plant with resistance to fungal attack.

B. CanpDipate ANTiFUNGAL COMPOUNDS

ldentifving resistance te.c., in comt makes 1t possible to correlate resisiance with
many endogenous small molecular weight compounds and biomacromolecules 1n
kernel tissves already implicmed as antifungal at various stages of kemel develop-
ment in grain crops.'#*'%* However. compounds with activity against other fungal
species are ineffective against A, flavus, thus it is importam to select the best
* candidate genes for these inhibitory compounds before plant genetic engineering
procedures are initiated. A list of candidate antifungal compounds includes RIPs,
lectins. relatively small molecular weight polypeptides. cell-surface glycoproteins.
hydrolases, and centain basic proteins.'*? For example, the 14-kDa trypsin inhibitor,'*
shown to be correlated with kernel resistance to A. flavus infection of com. when
expressed in transgenic tobacco greatly enhances reststance to the tobacco pathogen.
Colletotrichum destructivum |see details below),'13* A putative peptide also has
been partially purified from agueous kernel extracts of resistant inbred. Tex6. which
demonstrated antifungal acivity against A. flavus."® The com kemel pathogenesis-
related (PRt proteins appear 1o have a function during the normal process of seed

germination: <147 1901%0 however, they are induced to accumulate in response 1o

fungal infection, and their expression is tissue-specitic.’**!'** A funher invesiigation
of the kemmel PR proteins ustng resistant and susceptibie genofvpes to examine
specific tissue expression of these protefns under varying kemel physiology may
facilitate the jsolation of factors responsible for subpericarp resistance.

A number of potentiallv useful antifungal enzymes/proteins are produced either
constitmively or in response to fungal attack in plants. These include chitinases and
B-1.3-glucanases,*>1#8-1% gsmotins.'®! protease inhibilors.'®* and polvgalacturonase
inhibitor proteins (PGIPs}.'®? In addition, small molecular weight peptides have been
isolated from organisms other than plants that also show promise as amifungal agents
- for example. the cecropins'® and magainins'®® of insect and amphibian origins.
respectively, and their svnthetic analogs.s¢1¢"

Several recent studies have suggested the polential of ma.nipulating!inducing the

‘lipoxygenase (LOX) pathway in plants to ward off fungal attack.'® A. flavus exhibits
strong ltpolvtic activity during infection on oilseeds'®¥ and at times cavses substantial
deterioration of the crop seeds and otls it has comaminated. Lipase activity origi-
nating from fungal degradation of host-plant membrane tissues releases fatty acids

203




224 ' Microbial Food Contamination

resistance: however, the KSA may eliminate many preliminary field screenings and
facilitate an in-depth investigation of kernel responses to fungal infection and
aflaoxin production.

Using these new technologies. the fungus can now be “tracked™ during its
invasion process in various kernel/seed compariments. Studies employving KSA”
as well as other techniques.’?' have demonstrated that kernel embryos are colonized
before endosperm tissue is invaded by aflatoxin-producing fungi. Embryo viability
has also been shown to be necessary for the expression of kernel resistance.!™ It is
possible thai resistance. especially subpencarp. is a function of the kemel’s ability
10 limit fungal colonization to a small area after wounding. Limiting fungal ingress
may help prevent fungal spread through the kemel and interruption of whole-kemel
expression of embrvo-based resistance mechanisms, thus denying easy access of the
fungus to a substrate most conducive to aflatoxin production.'**!=% The high levels
of aflatoxins detected in susceptible kernels have often been considered the primary
result of fungal metabolic activity on an embryonic substrate: however, there is
evidence that these high levels of aflatoxin productiocn may resuit from later fungal
activity in the endosperm.}*

The reporter gene constructs, when piaced under the control of specific aflatoxin
pathway gene promoter, can be utilized to identify environmental and nutritional
signals i the plants and their sites of synthesis in specific plant tissues. which in
wm are important in governing the degree of aflatoxin production. Further exper-
ments can now be conducted to: (1) elucidate how environmental factors (fungal
growth substrates, host plants, etc.) influence genetic regulation of aflatoxin biosyn-
thesis: (2) utilize reponer gene assays to assess the influence of plant biochemicais
on aflatoxin gene expression during the host plant A. flavus interaction: and (3)
determine the effect of selected piant volatiles derived from the piant lipoxygenase
pathway on fungal development, reproduction. and sporulation, processes critical 1o
fungal survival and sharing genetic connection with the afiatoxin biosvnthetic pro-
cess.

3. Identification of Resistance Markers and Their
Functions in Crops Vulnerable to Affatoxin

A great preponderance of resistance "markers” potenuiaily of value in plant breeding
for resistance to the aflatoxin contamination process have been discovered in com.
In other crops. resistance markers that can be utilized in breeding 10 select for
resistant progeny have proven more difficult to identify. The possible link between
low lincleic acid content in peanuts and low preharvest afiatoxin production was
suggested, bui after further analysis the nature of this relationship has proven to be
elusive. Progress has been made in {dentifying cliromosome regions in com associ-
ated with resistance o A. favus infections and inhibition of aflatoxin production in
com using RFLP analvsis in three resistant lines {R0O0I, LB3I. and Tex6), after
mapping populatons were deveioped using B73 and/or Mo17 elite inbreds.!¥!% In
some cases, chromosomal regions were associated with resistance 1o Aspergillus ear
rot but not with aflatoxin irhibition, and vice versa. whereas other chromosomal
regions were found 1o be associated with both trajts. This suggests that these 1wo
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traits may be at least partially under separate genetic control. Also. it was observed
that variarion can exist in the chromosomal regiont associated with Aspergillus ear
rot and aflatoxin inhibition in different mapping populations. suggesting the presence
of different resistance genes in differeni resistant germplasm. RFLP mayv provide
the basis for employing a successful siraiegy of pyramiding different 1vpes of
resistances into commercially viable germplasm. while avoiding the iniroduction of
undesirable traits. However, there is a real need to identify specific raiis at the gene
level associated with the above RFL.P markers and assign a specific biochemical or
other runction 1o the trait. This information is needed in order to make decisions on
which traiis 10 include 10 pyramid resistance through traditonal plam breeding or
ransfer specific resistance traits into crops vulnerable to aflatoxin contamination by
genetic engineering.

Studies demonstraling subpencarp (wounded-kernel) resistance in comn kernels
have led to research with the aim of identifying subpericarp resisiance mechanisms.
When kermels of suscepiible genorypes were allowed to imbibe waier ai 100%
humidity a1 31°C for 3 days prior to being subjected to the KSA protocol, afiaioxin
levels were drastically and significantly reduced compared 10 unimbibed con-
trols.'% Kemel proteins induced during imbibition may have inhibiled growth
and/or fungat elaboration of aflatoxins. Examinatons of kemel proieins of several
genotypes revealed several differences between resistant and susceptible geno-
types.'® In imbibed susceptible kernels. decreased aflatoxin levels were associated
with germination-induced synthesis of ribosome inactivaling protein (RIP) and
zeamatin. ' Both zeamaiin and RIP have been demonstrated to inhibit A. flavus
growth in virro.}3® These studies implicate proteins as potentially involved in kemel
resistance 10 A. flavus infection and aflatoxin production.

Two Kemnel proteins have been identified from resistant inbred Tex6 which may
conwibule 10 resistance 10 aflatoxin production.'’” The 28-kDa protein inhibits A.
Aavus growth, while a 100-kDa protein inhibits toxin formation with linle effect on
fungal growth, With the recent elucidaiion of aflatoxin biosynthetic pathway genes
and enzymes and regulatory mechanisms (see earlier seciion on aflatoxin biosyn-
thesis).!® 1echnology could be developed with the potential for identifying seed/ker-
net resistance mechanisms that directly inhibit aflatoxin biosynthelic activity. An
examination of kernel proiein profiles of 13 com genotypes reveaied that a 14-kDa
1rypsin inhibitor protein is present at relatively high concentrations in seven resistant
genolypes. bul is presen: only in low concentrations in six susceptible ones.!™ This
protein exhibits swrong bioactivity against the growth of A. flavus. A. parasiticus,
and a morphologically diverse group of other fungi.?##2%4-4! Thus, comparisons
of kernel protein profiles between susceptible and resistani genolypes may shorien
the time i1 1akes 10 ideniify resistance-associated proteins 10 be used in marker-
assisted breeding.

4. Genetic Engineering Strategies

Several prerequisites musi be met in order to employ genetic engineering as a means
of developing host resistance against afiatoxin-contamination in crops: (1) resistance
genes. native or foreign. should be identified that express inhibitory activity against
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from bound triglycerides and triggers the LOX-hvdroperoxide lyase (HPLS) enzyme
pathway. converting linoleic and linolenic acids into hexanal and.cis-3-hexenal.

- respectively.'™ Then, cis-3-hexenal is usually isomerized 10 trans-2-hexenat. both
enzvmatically and nonenzymatically,'™ Recently. it has been reported that specific
L.OX decay products. such as 13S-hvdroperoxy fauy acid. jasmonic¢ acid. and C,~C,,
alkenais and alkanals. may function as important signal molecules in host-pathogen
interactions. > 78 NTITLTE Jagmonic acid has also been shown to inhibit aflatoxin
production and delay spore germination of A. flavus.'™ The antifungal properties of
small chain alkanals and alkenais tderived from 1he LOX pathwayv) produced by
cotton leaves have been demonsfg'aled in solid and ligquid culwres of aflatoxigenic
Aspergillus spp.*0751™ Because of the mode of activation of these volatile aldehydes
and because ol the signincam amifungal activity they exhibit. these compounds
could function as “gaseous phyioalexins™ in the cotton plant.”

There are only a few candidate genes whose expression products demonstrate
convincing inhibitory aciivity against A, flavus and show promise for transformation
of plants 1o reduce infection of seed by this particular fungal species. Included
among these antifungal products are certain small lvtic peptides. 1t is refatively easy
to chemically synthesize genes encodine small peptides 1using an oligonucleotide
synthesizert for transformation of plants. as only relatively small coding regions are
required for their complele synthesis. Cecropins. for example. are Iyti¢ peptides of
22 to 23 amino acids in linear arrays that comprise antimicrobial systems found in
insects and pig intesiine.’*!"* The broad antibacierial activities of cecropins are due
10 the formation of large pores in the cell membrane.!™'”” They apparently do not
lvse ervthrocytes or other hicher eucaryvotic cells!”® but do inhibit growth of A, flavus
mycelia.'™ Rajasekaran et al.'** reported that a svnthetic Ivtic peptide when trans-
formed into tobacco greatly enhances resistance to Calletarrichum destructivum. In
addition to lvtic peptide genes. a variety of other candidate antifungal genes from
bacterial. plant. and mammalian sources. have a good potential to be active against
A. flavus upon transformation in1o plants. Genes encoding LOX are available from
plant sources.'®18! The LOX products such as 1 3-hvdroperoxylinoleic acid and i1s
breakdown products/volatiles. such as hexenal and hexanal, are antifungal and
interfere with the affatoxin pathway. Genes encoding for haloperoxidases are also
available for possible genetic engineering of planis for antifungal resistance. /818
In bioassays using 4, flavus as the 1es1 orcanism. addition of a mveloperoxidase
greatly enhanced 190-fold1 the lethality of H.O, by caialvzing its conversion to
sodium hyvpochlorite."® A bacterial chloroperoxidase also greatly reduced the via-
bility of A. flavus conidiospores.' H.O. is induced in plants by wounding or injuring
of plani 1issues. a process often associated with pest attack. thus the substrate for
these unigue peroxidases should be available in the specific host-plant tissues under
atack.'®

C. GeNE PROMOTERS

Promoter elements tha allow constitutive. wound-inducible. or tissue-specific
expression of antifungal genes in plants have been identinied. Characterized promoter
elements that are useful in obtaining optimum expression of antifungal genes in
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plants include the CaMV 355'% and ubiquitin 3 promoter elements (constitutive},'¥

the protease inhibitor 1 promoter {wound-inducible).'™ and storage protein gene’
promoters {seed-specific expresston [.'* Peanuts have successfully been transformed

with a wound-inducible promoter from soybean vegetative storage protein (vsp).'%

When the vsp-promoter/GUS gene fusion is inserted into peanut. expression of the

GUS gene follows temporal and spatial patterns as would be predicted from soy-

bean.'*® The E. coli B-glucuronidase reporier gene has been used to assess the level

of gene expression obtained under the control of some of the above promoters in

ransformed cotton.'#=191 :

D). TRANSFORMATION METHODS

Antifungal genes in suitable gene expression veciors have been used in the trans-
formation of plants by a variery of methods. The two most common methods include
Agrobacterium-mediated gene transfer'®*!%3 and biolistic particle delivery or “gene
gun” technology.!#+-185.162.191.1% Afier gene transfer, transformed tissues are identified
by growth on selective medium. and whole plants are regenerated from the selected,
transformed cells. Corton transformation has been accomplished using the Agrobac-
terium-based sysiem and cotton hypocotyl sections. although the subsequent regen- .
eration procedure in this system is not necessarily straightforward and can be lengthy.
Cotion regeneration from transformed hypocotyl tissue tnvolves the development of
transformed embryogenic cell linés. embryoid formation, dissection. desiccation of
.embryos, and subsequent germination of the embryos.'¥% Coker cultivars 201 and
312 of cotton have been transformed with Agrobacterium-mediated systems and
regenerated.'*”'* Transformation of other commercially imponiant cotton varieties
has proven difficult due 10 the inability (0 generate embryogenic cell lines: however.
Agrobacierium-mediated transformation has been successfully employed on elite
Acala and Coker cultivars.'* Problems, nevertheless, remain regarding the efficiency
of this method of transformation and its adaptabiltty to a wide range of germplasm.
To circumvent the problem of cultivar-dependent regeneration. investigators have
used the biolistic approach to transform cotion,#+191200201 Peanuyt is also cumently
‘being transformed with antifungal genes by microprojectile bombardment of
embryogenic tissues.2%? Walnut has been successfully transformed with barley lectin
and nettle lectin antifungal genes.?® The somatic embryo is the targeted tissue in .
walnut, and a new technique for crvopreservation of walnut somatic embryos is
being used for long-term storage of embryo lines to prevent somaclonal variation
and loss of lines to contamination,

Viil. CONCLUSION

Several approaches are being explored and developed using new methods in bio-
technology to eliminate pre-harvest afiatoxin contamination of food and feed. These
approaches have resulted from recently acquired information about: (1} the ecology
and epidemiology of aflatoxin-producing fungi. {2) molecular mechanisms govern-
ing aflatoxin biosynthesis. and (3) plant-derived metabolites that inhibit afiatoxin
biosynihesis. Experience in our laboratory suggests a combined approach utilizing
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both host defense augmentation and biological control wili be necessary 10 compie-
ment existing conventional methods in the evenwal elimination of aflatoxin from
the food and feed suppiv.
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ABSTRACT

Garber, R, K., and Cotry. P, 1. 1997. Formalion of scleratia and aflatoxins
in developing conon bolls infected by the S sirain ol Aspergiifur favur
and polential for bioconirol with an aloxigenic sirain, Phylopahology
B7:940-945, .

Aspergiilus flavies van be divided inio the 5 and L sitains on 1he basis
of seleroiial morphology. On average, S sirain isolaies produce greaier
guaniilies of aflaoxins than do L ssrain isolates. Selerotia of 1he S strain
were observed in cormmercial secd coton (rom wesiern Arizona. Green-
house 1es1s were performed 10 behier deline sclerolial formalion in devel-
oping bolls. Eighl § sitaio isolales were inorulaled im0 developing bolls
viz simulated pink bollworm exil holes. Al eighi isolales formed sele-
rolia on logule surfaces, and seven of cight isolales produced selerolia
within developing secd. Boll age 21 inoculation influences formation ol
selerotia, More sclerolia formed within bolls that were less 1han 31 days

old a1 inoculation 1han in bolls Llder than 30 days a1 inoculalion, Fre-
quenl formation of selerolia during bull tnlection may boik favor 5 sirain
success within conon ficlds and increase wxicny of A farns-infecied
collonseed. Aloxigenic A. flavay Lstrain isolale AF36 reduced lormmation
of both stlerotia and aflzloxin when coinoculaled with 5 sirain isolales.
AF36 lformed no sclerolia in developing bolls and wax more cffective a1
preventing S strain isolales than L sirain isolates [rom conlaminaling de-
veloping couonsced with affatoxins. The use of aloxigenic L sirdin iso-
lales 1o prevent vonlamination through vomperitive exclusion may be
pariicularly effeciive whiere § sirain isplates are common. In addilion 10
aftaloxin reduclion, competitive exclusion of 5 sitain isolales by L sirain
isolates may resull in reduced Overwinlering by S sirain isolales and
Iwer 1oxicly resulling from sclerorial meiaboliles.

Addninnal kevwards: biocompetition, mycoroxins.

Aflatoxins are 2 group of Loxic, carcinogenic fungal metaboliles
produced by ecnain isolates of Aspergiting flaves Link:Fr., A
parasivicus Speare, and A. agmius Kunizman et al. {23}, Regula-
tory limilations on the quantity of aflatoxing permited in foods
and feeds exist throughoul most of the world (26). The mosi 1oxic
and highly regulated aflatoxin is B,, which is produced by all
three aflatoxin-producing species {20,26). Aflaloxin contaming-
tion has long been a coneemn for the United Siates cotlonseed in-
dustry {20}, because aflmoxins in contaminaied seed can be read-
ily transferred 10 milk of dairy cows in slighly modified form (19,
22). Cotionseed is a preferred feed for dairy cows, and Uniied Staies
regulations prohibit aflatoxin concentrations over 0.5 pgfkg in milk
{15). A. flavus is (he primary causal agent of aflaloxin conlamina-
rion of coulonseed. In the United States, aflatoxin contaminuion of
collonseed is mosl severe in westem Arizona, where contamina-
tion is frequenily associated with A. flevus infeciion of developing
bolls through pink bollworm exil holes ({2). Greenhousc tech-
niques 10 study A. flevis infection through simulaied pink boll-
worm exil holes have been developed (5).

On the basis of physiological, morphological. and genetic ctile-
ria, A flavies can be divided ino 1wo sirains, 5 and L. (2.4). Iso-
lates of the § sirain produce numerous small sclerotia (<400 pm in
diameter) and fewer conidia than L sirain isolates. Strain S isolales
preduce, on average, more aflatoxin than L strain isolates both in
cullure and within developing collonseed (4). Many L strain iso-
lales produce Nitle or no aflatexins {4.13). In Arizona, where afla-
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toxin contamination of collonsced is severe. the S strain is olien
dominant {9.18). Allhough several characiensiics of the 5 strain
suggest soil adapiation (1), liule data on the divergent ecologies
of the § and L straing are availeble. Muliple A. flames strains arc
known 10 frequently infeet individual locules and seed (13, bul in-
1gractions hetween S strain and L strain isolates during seed in-
fection have not been desenbed.

High concenirations of alfaloxins may occur in botl conidiu and
sclerolia of A. flavies (28}, and cenain 1oxiciics associated with A.
Slavns comamination have been altributed o combined aciivities
of aflaioxins and other metabolites present in sclerotia (14,238,291
Over the past 7 years, we have oceasionally observed sclerotia of
the 3 strain of A. flovis on surfaces of “(ight locks” (colton Jocules
that do nol open Tully} in commercial collon in wesiem Anzana.
Tha S strain of A, flavus is widely distributed among cowon-pro-
ducing regions (9). Yel, formation of sclerolia by A, flovis within
developing crops has been infrequenily described {16.24,303, and
formation on cotlon bolf locule surlfaces has nol heen deseribed.

Centain L strain isolates elfectively reduce aflaloxin B, levels in
coltonsced when coinoculated with afatoxin-producing isolaigs {6).
These sioxigenic strains reduce conlamination by compelilively ex-
cluding aflatoxin-producing isolates during crop infection (10).
Atoxigenie sirains are being developed as biological conirol agents
directed at preventing aflatoxin conlamination (7.8} However, the
cfficacy of atoxigenic L strain isolates in lmiting aflaloxin con-
1amination of cononsecd causcd by § sirain isolales has not baen
detailed, Funthermore, it is unknown il aloxigenic 1. sirain isolacs
can interfere with sclerotial formation by § strain isolales and, in
so doing, lurther reduce seed 1oxicily by also lowering the inci-
dence of xins of sclerotial origin,

Boll age at inoculation influences aflatoxin formation in devel-
oping cotlonseed {3} and may similarly alfeet the ability ol A.
Slawis S strain isolates (o colonize cotlon locules and praduce scle-
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rotia within colonized plant tissue. Sueh influences may dictate
the relative importanee of § strain selerotia (0 the epidemioiogy of
aflatoxin comamination in the ficld.

The current siudy describes, lor the first time, sclerotizi forma-
tien by § strzin iselaes on locule surfaces and within developing
collonseed. Efficacy of an aloxigenic L strain isolate in limiting
both aflatoxin and sclerotial formation by § strain isclales duning
coinfection of conon boils is also deseribed.

MATERIALS AND METHODS

Mediz and cultures. A. flavies S sirain isolaes from agricuirai
soils collecied in Anzona {AFI2, AFA5, D2-9, MR3-15, MR5-23,
PM3, YVI-1, and YV5-12), Alabama (AL3-39), Louisiana (LA2-5),
and Mississippi (§TV4-28) were used. L strain isolates (D2-8,
PM11, WHT-3, and YV 1) used in the aflatoxin produetion study
were isolated from agneuliural soils coliceled in Anizona. 1solale
AF36 was isolaied rom collonseed coilecled from the Yuma Val-
icy of Arizona {2}, Cullures were maintained in the dark at 31°C
on a medivm containing 5% V-8 juice and 2% agar {4}, For iong-
lerm sloragze, piugs {3 nm in diameter) of sportiating evilures were
piaced in 12-mi vials eomaining 5 mi of distilled. waler and refn-
geraled ot 8°C (5). inoculum was prepared by suspending conidia
from 7- 10 iQ-day-old evilures in disiilled deionized waler.

Infection of cotton beils and developing cotionseed. Plams of
Gossypien Afrsittun L, (Delapine 903 were grown in a greenhouse
in 3-liter puts comaining a i:i:1 mixtre of Pro-mix {Premier
Brands, Ine., New Rocheile, NY), coarse sand. and ciay loam top-
soil. Temperature ranged rom 28 to 36°C, and supplcmentai lighi-
ing (400-W General Eiectric Lucaiux bulbs: GTE Corp., Stamford,
CT} was applied for 3 it (6 p.m. 10 9 p.m.} daily. Afier 21 days, cach
plant was fenilized weekiy with approximately 500 mi ol nutrient
solution contzining ¢ mifiiter of Peter's fertilizer (20-20-20, N-P-K:
W, R, Grace & Co., Aliemown, PA}. One application of Peter's Sol-
uble Trace Element Mix (W, R Grace & Co.) was adminisicred im-
mediately afier planting. Plants were sacrificed 45 days afier pianting,

Developing cotton hoils were inocuiated through simulated exit
hoies of the pink bollworm as previously deseribed (5). Flowers
were lagged and daled at opening. in ali experiments, bolis were
wounded (i to 2 mn deep} in a single locuie wilh a cork borer (3
mm in diameler) and inocuialed by piacing a i8-pi aliquot of
conidial suspension {aboul 2.000 conidia} in the wound. For eoino-
cuiation experiments. conidial suspensions (10 pi. ~2,000 conidia)
of each isoiate were applied 10 the same wound,

To assess influenees of A. flarus AF36 on selerotial formation
by § sirain isolates, bolls 25 1o 30 days old were inoculated with
cither an S sirain isolale alone or both an S strain isolale and AF36,
simulianecusly. In cach test. four § sirain isolates were tested.
Trealments were replicated four limes and arranged in randomized
complete blocks, Replicales vensisted of indivldual plams bearing
one or two boils.

Two: separale greenhouse experiments were conducted 1o de-
terming il the in vivo influenee of A, flavies AF36 on aflaioxin
preduction by S strain isolates was similar 10 the influence of AF34
on aflatoxin production by L strzin isolales (6.13). In each exper-
menL, the influence of AF36 on aflaloxin contamination of deve-
loping colton boiis by lwo S strain and 1wo L strain isolales wag
evaluated. Comparisons were made between bolls {27 1o 32 days
oid} inoculaied with oniy an aflaiexin-producing isolale and boils
inocuiated with AF36 immediately after the aflatoxin-producing
isclale. Treatments were replicaled four to five limes, and planis
were arranged on greenhouse benches in randomized compicie
blocks (one plant per replicate per reatment}.

To assess the influenee of boll age at inoculation on seicrolial
formation by S strain isolales on cotton iocule surfaces and in de-
veioping collonseed, collon beils at vanous stages of deveiopment
(1% 10 34 days afler flowering} were inocuwiated. In each of 1wo
tests, ali boiis (two 10 five per plant} on four pianls were inocu-

lated with one of four S strain isolates. Values Irom all piants inu-
culmed with the same isolaie were averaged 1o {furm a replicaw
value. Eaeli of the two tests had lour replicales flour iselates). and
different isolales were used in cach test. in 2 third expenmen, boiis
of varying age {16 10 34 days oid} ont 2 plants were inicujated
with a singie S strain isaiate (LA2-5)

Measurement of scierolia and 2flatoxin B, in ball tissues.
Bolis were harvested in all experiments 17 days afier inoculation
and dried in a ferced-air oven at 6U°C for 72 h. Alter drying.
wound-inocuiated iocules were separated from adjacent uninocu-
laled locuies and stored at room lemperature {21 Lo 28°C) in
sealed 20-ml plastic vials umtii analyzed. After weighing, wound-
inocuiated lucuies were evalunted for the presence uf sclerolia un
locule surfaces using the following rating sysiem: & = no selerotia:
I = | 1o 25 sclerotiar 2 = 26 10 50 scierotia; 3 = 5i 1o 100 seicrotia:
4 = {01 1o 250 scicrotia; 3 = 251 to 500 selerotia: 6 = 501 w0 1,000
seicrotia; and 7 = > 1.000 sclerotia present. Sceds were then sepa-
rated from lint by hand and haived longitudinally with & razor
blade. The percentage of seed per locule with selerotia, conid-
iophores, or both was determined with a disseeling micro-
seope (30x magnifieaiion). The number of scicrotia per seed was
also recorded. '

Aflatoxin B, concentratiens in inoculated locuies were deter-
mined as previously desenbed (8). Brieily. intact locules were pul-
verized and extracied with an §5% aqucous acclone selulion. Ex-
tracts were punfied, partiioned agains! melitylene chioride. and
conceniraled. Concentrates and aflaloxin slandards were separated
en Utin-lzver chromalography plaies {silica gei 60, 250 pm) by de-
veiopment with dicthyi ether-methanol-waier (96:3: 1. Exiracls were
either concenirated or diluted 10 permit accurate densitomelry, and
aflatoxin B, was guantified with a scanning densitomeler {modei
¢5-390; Shimadzu Scientific insiruments. inc., Tokyo} (21}

Statistical anaiyses. Analyses were performed with the Siis-
ticai Anaiysis System (SAS Institute, Ine., Cary, NC) and Siztistica
(S1atSefl, Ine.. Tuisa. OK). For compinsoits among isolales and
between beils inoculaied by an S strain isolate aione and those co-
inocuiated with both an § strain isolate and an L sirain isolate,
planis {one 10 1wo bolls cach with a single inocuiated locule per
boli} served as replicates, Prior 1o statistical anaiyses, ali percem
values were iranstormed (0 the arcsin ol the squara roorn of Lhe per-
eenl as recommended by Sokal and Rohif (25). Values for number
of scicrotia per sced and aflatoxin B, conecniralion were sguare
rool-transformed and log-transfornied. respeetively, in order to he-
mogenize Lhe varianee among Lrealments, Anaiysis of vanance was
performed en all muiliple comparisons prior 1o mean separatien
1ests. When significam differences were delegled, mean vaiues were
separaled using Fisher's jeast significant difference test. Pearson
producl-moment correfations were calewlaled Tor the influence of
beli age al inceuiation on seierolial formation within seed and om
locule surfaces. Values for individual inoculated loeuwles were used
for these caleuiations. For comparisons between bolis greater than
30 days old and bolis iess than 31 days old at inocuiation, data from
lests | and 2 were subjecied Lo anaiysis of varianee, in which all
locuies inocuiated with a particuiar isoiale constilued z replicate.
For1est 3, individual locuies inocuiated with LA2-5 served as re-
plicales in the analysis of varance.

RESULTS

Farmation of scleratia in developing locules. All § strain iso-

" lates produced seierotia on locuie surfaces when inoculated inlo

25- 10 30-day-old bolls via simuiated pink boliwoerm cxit holes
(Fig. i, Table 1}. Seleratia formed in ciusiers on inoeulated locuie
surfaces, closely resembling those observed on light iocuies coilect-
cd from the commerciai erop in westem Arizona (Fig. 1), The mor-
phoiogics and sizes of selerotia were 1ypical for the $ strain. Most
isolates produced relatively high numbers of selerotiz on locule sur-
faces, averaging over 100 seierotia per iocule. One isolale, STV4-28,

Vol, 87, No. 9, 1997 941

221




produced significantly (P = 0.05) fewer scleratia, averaging less
than 26 per locule. AF36 produced no sclerotia on gither locule sur-
faces or in developing sced in either test. However, cottonseed
Yormed within locules inoculated with AF36 frequently contained
conidia between the sced coat and cotyledon (Tahle 1).

Secen of cight § strain isolates produced sclerotia within devel-
oping sced (Figs. 2 and 3, Table 2). Sclerotia initially formed be-
tween the secd coat dnd the developing cotyledons (Fig. 2) and, in
certain seed, progresscd to replace most of the cotyledons (Fig, 3).

Fig. 1. Locules inoculated with Aspergiffus flavns § strain isolate LA2-5 alone
{right} and in combination with A, flovnr isolule AFIG (Icf). Sclerptiz only
formed on togules inoculmed witlt an § strain isolue. Far fewes scleroda formed
oit locuies inocufaled Wi both AF36 and an 8 strain isolate. Bar represents 3
mm.

TABLE !, inileence of coinpculation with Aspergifiug flayns AF36 on dry
weights of totton locutes inoculaicd with § siin isolates and on formation
of both sonidia within developing sced and sclerotia on focule surfaces

Locute dry weight  Sclerodial?  Seed with comidia
Isolote {mg) raing (%)
Tes | '
AF-36 670L30b - 0ucr 57 a2
AL3.39 (sirain §) 80213 b 462 0b
AL3-39 + AF36 732.25b 16b 562
MR3-1{5 {strain 5} 71925 b 582 Ob
MR3-15 + AF36 790.25b 0.4 be 6620
LA 2-5 fsirain SY 632.50b - 55a 0b
LA 3-5+ AF36 58925 b {5b 642
Y¥5-12 {sirmin §) 78325b 5.80 0b
YV5-12 + AF36 69%.25b 00¢c 75a
Mol inoculaled . L1793 a 00¢ ND
Tes1 2
AF16 709,10 be 0.04d Sda
MRE5-23 {strain 5) 3313 be 182 Ob
MRS-23 + AF38 771533 be 20b 545
PM 3 (strn 8) 53356 ¢ l4a 0b
PM 3 + AF36 57533 ¢ L5 be 360
STY4-28 {sirain §) 747.75 be t.5be Ob
STV4-28 + AF36 645.08 be 0.4 ¢d 30a
YV 1{-1 {strain 8} 58052 ¢ 43a ob
Y¥{.! + AF36 210580 05¢d Sta
Nuot mnoculaled {07738 a 0.0d ND

* The nunnbee of sclerotin prerent on the sueface of inoculmied tocules war
raled as follows: 0 = no seleroiin: | = {10 25 sclerolia; 2 = 26 to 50 scle-
rotia; 3 = 51w {00 sclerotia: 4 = 10} 0 250 seterotias 5 = 251 10 500 scte-
otia; 6 = 501 to 1,000 scleroia; and 7 = »1,008 selerotia,

* Valyes are means of Jour replicales {focules). Means were tompared using
Fisher's protecicd tenst significant diffcrense 1est, and vatuer within the
same cotumn foltowed by 2 common lener are not significantly differcn {P
= {.05). ND = not delecied,
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In both tests and for all isolates, sclerotia were not produced in
most sced From inoculated locules (Table 2). However, in cerin

" sced, large numbers of sclerotia forned, resulting in averages of

over 25 sclerotia per seed for five of the eight & sirain isolates
{Fig. 3, Table 2). Isolates differed in ability to produce sclerotia,
within developing sced (Table 2). lsolate LA2-3 formed sclerotis
within the highest percentage of sced: isolate 8TV4-28 formed no
scleratia within seed.

In each of the three tests in which bolls of varying age wers in-
oculated with § strain isolates, the number ol sclerotia formed on
locule surfaces decreased with increasing bell gge (Pearson prod-
uet-moment correlations: r = -0.45 10 ~0.73, P < 0.001) (Fig. 4}.
Although the percentage of secd conlaining.$ strain sclerotia also,
apparently decrcased with bol! age at inoculagion, this rend was
significant for only tcst 3 {Pearson product-momen: eorrela-
ions: r = =025, ~0.39, and -0.4d: P = 0,20, 0.07. <0.00t). These
trends were prmarily a result of reduced produetion of sclerotio in
bolls greater than 30 days old at inocutation {Tablc 3.

Effect of crinoculation with AF36. Coincculatiun with AF35
significantly rcduced the number of sclergiia formed on surfaces
of locules inoculated with § strain isolates (Table 1). Similarly, co-
inoculation with AF36 frequently reduced both the pereentage of

Fig. 2. Forination of sclerotia berween a eoryledon and the sced coat. This
in the focation where sclerolia werc most frequenily observed. Bar rep-
resents {00 um,

Fig, 3. Cross section of a collonseed from a locule inoculated with Aspergil:
fur flavas S stwin isolate LA 2-5. Most of the endospenm is replaced by scie-
relia. Bar represents 100 pm,
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secd vontaining sclerotis and the number of sclerotia per seed (Table
2). Seed produced in locules coineculaled with AF36 consistently
contained Aspergiffus conidiophores between the cotyledons and
sced coal; whereas seed produced both within uninoculated con-
trol locules and locules tnoculated with an S strain isolaw alone
contained no conidiophores (Table ).

Isolate AF36 reduced (P < 0.01) aflawoxin By production by the
four tested S strain tsolates over 99.9% when coinoculated o
developing couon bolls (Table 4} However, AF36 only reduced
aflatoxin production by two of the four L swrain isolates tested. For
those two isolates, reductions o 88 10 96% were achieved.

In hoth greenhouse tests, incculation of developing colton lo-
cules resulted in reductions in locule dry weight compared with
noninoculated controls {Table 1}, The magniwde of dry weight
loss in bolls ihoculaed with AF36 did not exceed losses in bolls
inoculated bv any of the S strain isolawes. Coinoculation of bolls

TABLE 2. Inltuence of coincculation with Asperpiffus fInves AF36 on scle-
rotial fonnaion by A jlerus 3 strain isolates within develeping conon sced

Sced
eva::ucnlcd Seed with sclerotia (%) Scletotia per seed (#)

Isolme - 1#) tnoculated  Coinoculated  inoculated  Coinoculated
Test L

AL3-39 39, 26¥ 29 ah? je 348 ab 1.0c

MR3I-IS 458,34 t3be fie 63bc 0.0c

LA2S 4, 49 gSa le 786a Ol

YYS$-12 29,34 ®Bb Oc 337ab (63T
Test 2

MRS-23 56,67 5ab b 25.0ab 0.4 ob

PiE3 35,53 7 ab 2b 1234 1.0b

5TV4.28 56,62 ob Ob 0.0b 00b

Yy’ 54. 56 a Ob 6.3 ab 00k

r The first value is the nuinber of seed evaluaicd thal were inoculated 'with
the 5 stin isolate alone linoculated) and the second value 5 the nember of
secds cvaluated that were coinoculated with sirain AF36 (coinoculated).

* For each parameter. values within @ test followed by a cotnmoen letier are
nob signthcanlly differont 17 = 0.05) by Fisher's protectad least significant
diffcrence test. Letters apply to hoth companisens within eolemns and com-
parisens between cnlumns.,

* e 4 7
100 + X
) 6
= 80 | )
£ 5 2
= 11
%ao 4 £
e |
ES 3 m
§40- g.
$ 2 2
20
1
0 0
20 25 30 35

Boll age (days)
Fig. 4. Relationship between bell age &t inoculation and formatien of sele-
rotia by 8§ sirain isolate LAZ-S ftest 3, Table 4% on tocule surfaces fdiamonds
with dotted} and within devcloping secd lerosses with rolid line). Bata points
represent values [or single locules.,

with AF36 and any of the 3 strain isolates did not result in Huaber
locule weight Inss as compared with inpculation with the S strain
tsdlate alone. However, coinoculation of AF36 with isvlaie YV1-t
resulled in significantly smaller biomass reductions (han wlien
YVI-1 was inocutated alone (Table i)

BISCUSSION

All of the § sirain isolates tesied coleiized cotton bolls and
formed scleratia on cotton locule surfaces. Seven of eight § sieain
isolales were also able 10 form sclerotin within developing seed.
In cotton boll inoculation expedments, tormation ol selerotia by L
sirain isolates on locules and in sced has not been observed in

" either the cusrent or previous {4,5) swdies. Similarly, S suain iso-

lates produced sclerotia on pistachio litter, but L strain isolawes did
not {13). Although sclerotia of A. favas (L steaind have been re-
poried on wound-inoculated com (30), lormation of sclerolia on
crops by A. flavus is not frequently observed (24} This may, stem
from both failure 1e recognize S strain selerotia and dominance of
L strain isolates dumng boll infection. Waked and Nouman (27)
found most aflawoxin within seed that also contained sclerotia when
eouonseed collected in Arizona were deliberately stored in the la-
horatory under conditions favorable 10 A. flavay sced decay. Based
nn the high toxigenicity of the S strain, its frequent occurrence in
Atizona (4,9,18), and the results on sclerotial formation from the

TABLE 3. Sclerotial formation on loeule surfaces and within seed of cotion
bolls inoculated with 5 strain isolates of Asperyitiur fnvar cither prior 1o or
after 31 days of age

Sclerogal mting on locule surface®  Percentage of seed contuning selerotia?

<3ldays  »>30days <3l days »10 days
Test! old old P old old r
L 577 182 <0t 3.4 L4 0,13
2 334 0.92 .Gl 10 ¢ <Ol
3 475 129 <0.01 5.4 3.6 0.02
“The following rating system was used: 0 = no selerotia; L= o 25 scle-

rotia; 2 = 26 10 50 sclemlia: 3 = 51 1o 100 sclerotia: 4 = 10U to 250 scle-
totia: 3 = 2510 o 500 selerotia; 6 = 300 1o 1.000 sclerotia; 7 = =1 .000 scle-
rotin present.

* Pereentage of secdd within inucutated Incules in which selerotis were observed
during bisection and observation under a dissecting rnicroseope 130X).

¥ Valpes for tests 1 and 2 are nteans of {our replicates; each replicate is the
rucan for all bolls inoculated with one of four § stmin isolales. Bifferent §
strain isolates were wsed in tests |oand 2. Values fos test 3 ane incans of
cither seven 1230 days old) or 16 1<30 days old} replicates in which each
replicate is the valee- from a single locule inocubated with LAZ-5 In all
tesls, one locule per boll was inceuldted.

¢ Statistical significance of diffcrences between bolls <L days old and bolls
»>30 duys ol at inoculation.

TABLE 4. Influcnee of Aqergiffius Jevnr isolate AF36 on aflatexin con-
ttiination of developing cottonsced hy aflatoxin producing isolates of A
Serrus Lostratn and 3 strain

Alatoxin By (pe/kg)

tsolate Strain Alone Coinoculaed  Reduetion 15
Test |
B8 L 52831y G213 £8.34%
PMIL [ L0632 3ga 96.23
12 5 177,186 () 99.94
65 3 386,788 19 9999
Test 2
WHT-3 L 1.4BE 4U2e N§
YY' L 531 0 NS
DX s 916 14 S9.949
PM3 g 108.640 45 99,96

* Malues listed arc means of Nive replicates,
! PchFnI reductions are significant [P = O.0) by Fisher's pretecied least
significant difference test cxeept where indicated NS Ingt signifieant),
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current study, il secms lkely that Waked and Nouman (27} were
observing conlamination caused by the S strain. Sclerolia may be
imporiant for overwiniering (11) and, as such, formation of sclero-
lia in developing seed and on locule surfaces may provide an im-
portant survival benefil. The S strain. which produces fewer coni-
dia than the L strain (4}, may also rely on selerolia for dispersal.
Formation of sclerotia within sced may permil dispersal by herb-
ivorous rodents and birds; formalion of sclerolia on locule sur-
faces is ideal Yor scatlering by modem spindle pickers. indeed.
through dispersal of sclerotia during spindle picking. cotlon pro-
duction may facililale success of S strain isolales,

Production of sclerolia in developing seed and on locule sur+
faces vared wilh boll age at inoculation. Previous siudies showed
boll age also influences aflaloxin contamination (3} Oplimal bol!
ages at inoculation for both aflatoxin and sclerolial formation arc
similar, 21 lo 32 days afier anthests. Regulation of sclerolial mor-
phogenesis and aflaloxin biosynthesis arc inlerrelated (3} and, thus,
il is nol surpnsing thit the two coincide. Simuhancous formation
of bath aflaloxins and sclerotia within collonseed by A. flovus may
have both ecolugical and toxicological significance. impregnating
lissues surrounding sclerolia with aflaloxins may serve lo prolect
sclerotia from insect predation and 1o prevent ulilization of nuiri-
tional resources in the seed by competitors (11). Produclion of
scleratia in the seed may also increase seed 1oxicily. In addilion 1o
aflalaxins, several other highly toxic compounds are known 10 be
concentraled within sclerotia of A. flower (28,29), and synergism
in loxicily is known belween al least onc of these compounds and
aflatoxin {14). Furthermore, aceumulation of iremorgenic indololer-
penes and other loxic compounds specifieally within § sirain sclero-
lia has been described (17), It thercfore, seems likely thal S sirain
sclerolia within commodilies cause fevels of 1oxieily beyond thal
causcd by the aflatoxin content alene. Infections by § strain iso-
lales may, Ihus, cause an unreatized decrease in commedily safety,
a decrcase nol associaled with many L strain isolales.

Aloxigenic L strairt isolatc AF36 performzd as previously de-
- scrbed (6,10), by signilicanity reducing (88 10 99%) the aflaloxin
B; contem of bolls innculated with six of the eight isolates evalu-
ated. Isolale AF36 also significanity reduced the number of sclerptia
formed on locule surfaces and. in some cases, the percenlage of
sced containing sclerotia. Failure of AF36 10 significamly reduec
cither aflaloxin conlaminalinn or sclerotial formation in some
ireatments probably reflects the greal variability in aflatoxin and
sclerotial produciion and nal lack of an influence by AF36.
AF36 apparcnily reduced both conlaminalion and scleratial for-
mation through compelilive cxelusion as previously described
(10). This conclusion is supporied by formation of equal guan-
titics of conidiophores and conidia wilhin seed inoculaled wilh
AF36 cither alone or in combination with an § strain isolate,
but Tailure of conidiophores 10 form in seed incculated with §
- strain isolates alonc.

In no case did coinoculation with AF36 increase loss of locule
weighl over Josses associaled with inoculalion of § strain isolates
alone. Apparemty, A. flavas AF36 does not have incrcased boll rot
ability eompared wilh the lesied S sirain isolales. Thus, ability to
compelitively exclude aflatoxin-producing isolales is nol neces-
sarily associated wilh increased boll rot ability. Indeed, AF36 had
less boll rot ability than Iwo S sirain isolales (YV1I-1 and PM 3)
(Table 1) that it was cffeclive at excluding.

There is interest in developing A. flovus AF36 as a biological
control agent that can increase collonsced safely by decreasing the
aflatoxin content (7,8} The abiliy of isolate AF36-10 inhibil scie-
rotial formation in devcloping cottonsecd by highly aflaloxigenie
isolates of the § strain may serve 0 reduce overwinlcring of S
strain isolales and increase the long-term impact of AF36 on
the aflatoxin-producing polemial of fungal populalions. Decreas-
ing the incidence of sclerctia within infecied collonsced is 2 sec-
ond mechanism by which AF36 may cause improvéd com.
modity salety. .
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frequent rain showers that oceur in spring weather,
which is the ime of maximum EFR infection,
Fenarimol has shown “kickback activity” in that it
controls fungal spore growth up to 48 hours after
the spores have germinated and begun to infect
plant tssue. This feamre again proves to be
vajuable in COregon during wet springtime
conditions when growers cannot get into their
orchards to spray immediately after a min beeause
of muddy or slippery eonditions,

The percent control of EFB in the five years prior
10 1991 has been esimated at G to FO pereent. The
use of chlorothalonil through emergency
exemptions in 1991 and beyond has increased the
level of conrral o 50 percent. The addition of
fenarimol is estimated by knowledgeable cxperts to
increase control to greater than 80 percent.

IR-4 has been involved in the development of
magnitude-of-residue data to support a Section 18
Specific Emergency Exemption and ulimaiely a
Raw Agricultural Commodity 408 tolerance for
Section 3 registrarions of the use of iprodione
{(Rovrai®) on apples for the control of Alrernaria
blorch. Iprodione application timing will be based
on models. Two models are presently under
gvaluation. One medel is based on a threshold of
63 percent of leaves with sympioms during the
period of rapid disease increase (mid-June). The
other model is based on accumulation of degree
days and hours of leaf wemess. The models will be
used to make a decisinn abou: the tming of the
first fungicige aoplication; subsequent applications
will be made at 2- or 3-week intervals, Rescarch
has shown that where the first spray of iprodione
(Rovrai® 4F) was applied when reeommended by
the models, disease severity and defoliaion wers
not significantly greater than in the preventive
wrearment where iprodione was applied on a 2-
week scheduie, The use of either model provided
a savings of five fungicide sprays in each of the
two orchards evaluated, thersby reducing the
chemical load in the environment.

The fungicide metalaxyl has a very specific mode
of aetion. Downy mildew fungi, of which there are
many species and genera, have the ability to
produce large numbers of spores that can be
disseminaied and causc new infections through
many cycies within a single growing season, These

138

two factors make it highly likely that insensitive

strains of downy mildew fungi will develop. Ciba
Crop Protection has employed fungicide mixtures
to reduce this potential. They have packaged meta-
laxyl with Mancozeb, Chlorothalonil, or copper
fungicides to prevent the development of
metalaxyl-insensitive strains of downy mildew. IR-
4 has been invelved in the developmen: of
magnitude-of-residue  data o support Raw
Agriculreral Commodity 408 tolerances for Section
3 registrations of the use of metalaxyl plus copper
on many crops for the ¢conerol of downy mildew.
These crops include: arrugula, bok choy ehinese
cabbage, collards, kale, mustard greens, tumip,
swiss chard, raspberry, grape, and papaya.

These threc examples are only a few of the many
ways that fungicides can be used in IPM/crop
protection programs that enhance both food and
environmental safety; IR-4 will continue to work
cooperatively with growers, grower groups, state
scientists, federal sciendsts, and regiswants in
obtaining clearances for fungicide uses that
provide more optimal pest-management strategies.

Displacement of Aflatoxin-Producing Fungi
from Cottonseed, Peter 1. Coty, Agricudtural
Research Service, USDA

There are no reliable and economic methods for
preveniing aflatoxin contamination of eottonsead,
and no products are eurrently marketed to preveni
prenarvest contaminaton. Insect management,
irrigadon pracoicss, harvest iming, plandng date,
and crop-handling procedures can be optimized to
limit contamination. However, even after
optimizaton. under severe environmenta
conditions, crops will freguently contain
unacceptable levels of comamination, Controls
must be effecnive durng crop development and
afier crop matwration both in the field and in
storage. Furthermore, most contamination cccurs
in damaged bolls; thus, controls must preven:
comamination of plant parts compromised by
either physiological stress or predation. Meeting
these requirements is difficult for procedures that
must prevent formation of the relatvely rare,
highly contaminated seeds that often contain the
most coniaminaton. A biopesticide that meets
these requirements is being developed. This bio-
pesdeide uses nawrally occurring atoxigenic
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strains (de not produce aflatoxins) of Aspergillus
flavus 10 competitively exelude  aflaroxin-
oraducing fungi and, in so doing, to prevent
aflatoxin contaminatien. The product is expected
10 provide ecenomic benefit to cotton producers in
severely affected pertions of Arizena. The [R-4
Project Biopesticide Program is facilitating the
development of this product by assisting in the
registration process.

Aflaloxins are 1oxic, careinogenic ehemicals that
treguently occur in foods and feeds, Health
concems have led 1o reguialory limitations on the
aflaiexin content of foods througheut most of the
world (Stoloff, van Egmond, and Park 1991). The
most toxic and highly regulaed aflatoxin is B,
(Park and Stoloff 1989; Steloff, van Egmond, and
Park 1991). The fungus Aspergillus flavus causcs
aflatoxin ~ contamination of  cottonsced.
Contamination results in losses for producers,
processors, and animal industries that depend on
cottonseed for feed (Park and Stoloff 1989). Whate
cottonseed and/or cottonseed products ars an
important dairy and cattle feed. Aflatoxins in
coonseed are transferred to milk in slightly
modified form {Park and Stoloff 1989 Park and
Stoloff 1989). U.S. regulations prohibil affatoxin
coencentrations over 0.5 pgfke in mitk, Milk may
be destroved and entire cperations temporarily shut
down and quarantned in Gairies producing milk
tainted with nnacceptable aflatoxin levels (Emnett
1989). To prevent unacceptable aflaloxin levels in
milk, the reguimery thresheld for 2flatexin B, in
cononseed fed to dairy cows is 20 pg/kg (Park,
Les, Price, and Pohland 1988; Park and Stoleff
1989}, Aflatoxin contaminaton of cottonsecd can
be minimized by early harvest, prevention of insect
damage, and proper storage {Cotty 1991a; Cotty
1291b), However, even under careful management,

. unacceptable aflatoxin levcls may pecur via either

unpreventabie insect damage to the devcloping
crop (Conty and Lee 1989) or exposure of the
mature crop (o moisture prior o harvest (Cotty
1992) or during storage (Russell and Lec 1985},
handling, tanspertation, or even use {Comy
1991a),

Aspergilius flavus populations are highly complex
and are composed of smains that  differ
merphelogically, physiclogically, and genetically

(Bayman and Cotty 1991; Bayman and Cotty

1993; Corty 1989). Differences among strains in
ability to produce aflatoxing is well known (Davis
and Dicner 1983}, and aflatexin-producing abilicy
is not correlated with strain ability to eolonize and
infect develeping cotton bolls (Cotty 1939}, These
chservadons led to the suggestion that atoxigenic
straips of A. flavus might be vsed to exelude
toxigenic stains through compettion during
infection of developing crops, thereby preventing
aflatoxin contamination (Cotty 1989; Cotty 1994),
In both greenhouse and field cxperiments, wound
inoculatien of devcloping cotton bells and com
ears simu ltanecusly with toxigenic and aexigenic
strains led te reductions in aflatoxin contaminaton
of the develeping crep pans as compared with
centrols inoculated with enly the toxigenic strains
{Brown, Cotty, and Cleveland 1991; Comy 1990).
Aloxigenic strains are effective at preventing post-
harvest aflatoxin contamination both when the crop
is infected natwrally in the field and when @t is
inoculated after harvest (Brown, Conty, and
Cleveland 1991). Thus, competitive exciusion of
aflatoxin-producing stains of A, flavus with
atoxigenic strains of the same fungai specics may
provide a single method for preventing aflatexin
aceurnulation thronghout crop production and
utilization {Cole and Cotty 1990; Cortty 1989;
Cotry 1990; Corry 1994),

In the Uniled Stales, aflaioxin contaminaten of
cortonseed is mosl ecnsisienl and severe in the
trigaied  westem  desert  vaileys, where
contamination is often associated with pink
bollwerm damage (Conty 1991a: Cony and Lea
1989), Cotionseed produced in these valleys has a
relatively high value per acre because of high
eotton yields and high demand for cononseed
within the area. Contamination levels are highly
variable within fields, plants, and even boils (Couy
1991a; Cotry and Lee 1939; Lee, Wall, Cory, and
Bayman 1990). Contamination is often associaed
with seed exhibiing bright green-yellow
florescence (BGYT) on the linters under ulwaviolet
lighr (1). BGYF cononseed are typicatly those
infected by A. flavus through insect wounds.
Results of greenhouse studies suggesi atoxigenic
stains reduce aflatexin  contaminaton by
competitively  excluding  aflatoxin-producing

strains from te crop (Brown, Cotty, and Cleveland
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1981; Comy 1990, Corty and Bayman 1993).
During seasons when aflatoxin contaminaton is
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severe, A. flavus populatons increase as the cotton
crop is produced (Lee, Lee, and Russell 1986), For
atoxigenic strains of A. flavis to be useful during
crop production, they must be appiled ar a ime and
in a manner that allows them 1o compete
successfully with aflatoxin-producing strains. In
theory, applcation of an atoxigenic A, flavus smain
early in the season should give the atoxigenic
strain preferential exposure to the developing crop
and thus the advantage in competing for crop
resources during infection and during A. flavus
copulation increases associated with cultivation
(Robens and Richard 1992).

An aflatoxin-prevention technology based on
atoxigenic strains of Aspergillus flavus is being
developed for use in the region of Arizona with the
most frequent and severe aflatoxin contamination
of cottonseed, Strains are seeded into cotton fields
at lay by (immediately prior to first bloom). The
strains are applied to the soil surface under the
crop canopy in the form of colonized sterile wheat
seed. When the crop is subsequently irrigated, the
atoxigenic strain uses the resources in the
colonized wheat seed, sporulates, and disperses to
the crop. Wheat seed colonized by atoxigenic
strain Aspergiflus flavis AF36 has been evaluated
in smatl-scale test plots since 1989, Strain seeding
caused large and significant changes in the
Aspergillus flavus pooulation on the crop and in
e scil. Applicatons resulted in the appled
aloxigenic strain odecoming dominant in the field
and aflatoxin-oroducing strains ocecoming less
trepuent.  These changes in the A flavus
populapons were associated with great reductions
(75 oercent to 99 percent) in aflatoxin
contamination (Cotty 129 1b). Further tests showed
that atoxigenic swain apolications have a long-term
influence on A. flaves populaiions resident in
armcelioral fields, sugzesting atoxigenic strain
applicarions may have benefiis over muluple
seasons and that long-term, area-wide changes in
the aflatoxin-producing potennal of A. flavus
populations may be achieved. Results of field olot
1ests indicate that atoxigenic-strain applications de
not increase the amount of A. flavus on the crop at
maiturity and do not increase the percent of the
cottonseed crop infected by A. flavus.

Aspergillus flayus typically becomes associated
with crops in the field during crop devslopment
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and remains associated with the crop during
harvest, storage, and processing. Thus, crop-
vulnerability to aflatoxin contaminadon remains
pntg! the crop is uitimately used. Similarly,
aoxigenic swrains seeded into-agricultural fields
prior to crop development will remain associated
with the crop until use and may orovide long-term
postharvest  protection from contaminapon.
Atoxigenic strains apolied both prior to harvest and
after harvest have been shown to provide
protection from aflatoxin contamination of com
(Brown, Cotty, and Cleveland 1991}, even when
toxigenic strains are associated with the crop prior
to application,

Economics of aflatoxin contamination will
probably dictate the regions in which atoxigenic
stains are used, We hope to oroduce materials for
aloxigenic strain applicalions for $5.00 per acrc or
less. If treatrnents are 70-percem effective and an
average of 40 percent 1o 70 percent of seed is
above 20 ppb and the benefit of having aflatoxin-
free seed is $20 w0 $40/ton, then growers will gain
an average rewmn above an inital $5/acre
investment of $0.60facte 10 $14.60/acre.
Economics may be improved by both long-term
and cumulative benefits resulting from sirain
ability to remain in fields unul the next crops are
planted. Benefits may also arise from the applied
atoxigenic strains rernaining with the crooe until use
and thus prevening increased conwamination
guring transit and in siorage at daines,

Just as dust does not stav in the i2ld in which it is
raised, fungi do not siay in the field 10 which they
are gpplied. Thus, over time, applications may
reduce contamunadon in an area as a whole,
facilitating the development of either gin-wide or
community-wide management programs. In areas
where multiple crops are affecied by contamination
{i.e., corn, cotton, and peanuts}, treaiments to one
crog may benerit all crops. The economics of
applications in such areas may be complex.

Develooment of a product based on atoxigenic
strains and sold as an agrochemical would
probably be the simplest course w producing an
aflatoxin-contro! product. However, there are
currently no products available for preventing
aflatoxin contamination during crop development,
Thus. the potential market for such products is

229




unclear, Failure to demonsirate a reliable and ready
market for atoxigenic-strain-based products has
limited industmial involvement in  their
development.  Alternatives 0 company
development may include development of pest
control districts. Advantages of such programs
include tajloring the atoxigenic stmins and
formutatons to specific regions, increased cost
effectiveness, and development of mechanisms for
funding the monilering of funga! popuiations,

The next step in development and
commercialization of aloxigenic strains is the
performance of large-scale commercial tests, These
tests will determine how to fit the technology into
commercial practice and how to assess benefits of
large-scale applications. Because atoxigenic strains
are considered biopestcides, such evaluations
require entry into the pesticide registration process
and granting by the U.S. Envirenmental Protection
Agency of an Expedmental Use Permit and an
Exemption from Tolerance. Interregional Research
Project No. 4 is faciliadng the further
davelopment of atoxigenic strains by assisting with
the registration process. An application to treat a
porton of the 1996 commercial cottonseed crop
has been submitted.

Dead, weakened, and partally decayed plant
tissues are readily available in agdcultural
environments, and it is not feasible 1o prevent the
use of these resources by fungt. Thus, fungi grow
as our crops are grown, and these fungi become
associated with the edible portons of the crop, A
level of control over which fungi become
associated with crops may be provided by seeding
select fungal strains into agricultural fields. This
selection and seeding of fungal strains may reduce
the vuluerability to aflatoxin contamination of all
Crops grown in a treated aren.
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INTRODUCTION

Human actvides affeci both the size and smucture of fungal populations.
Construction, war, recreadon, and agriculture disrupt large expanses of vegetation and soil;
disruption causes redistribution of fungal propagules and makes nuerients available to fungi.
Many fungi, including the aspergilli, exploit these human engineered resources. This results
in the association of large fungal populations with various human aciivities. especially
agriculture. When crops are grown or animals raised. fungi are aiso grown. From a human
perspective, most fungi associaled with cultivation increase inadvertently, Human acdvity,
however, partly dictates which and how many fungi occur and the fungi, both directly and
through fungal products, influence human aclivities. domestic animals. and even humans
themselves,

During warm, dry periods, several of the aspergilii increase rapidly in association with

crops. These include aspergilli in the Aspergilius flavis group. Prior 10 1960, interest in the

A. flavus group resulted both from the use of certain strains in processing of agricultural
products in Europe and the Orient (Beuchat, 1978), and from the ability of some smains 10
parasitize insects. In the early 1960°s fungi in the 4. flavus group were implicated as the
producers of aflatoxins ("Aspergilius_flavus 1oxins™), the toxins which poisoned thousands of
poulizy, pigs and mout: in wout these factors were associated with liver cancer (Goldblair and
Stoloff, 1983). It soon became apparent that affatoxins also occurred in the human diet and
that aflatoxins could pass from feed to milk with only slight medification (Goldblan and
Stoloff, 1983). The most common aflatoxin, aflatoxin B, , was found to be a potent hepato-
carcinogen in rats and trour; carcinomas were induced at rates below lpgkg' body weight
{Robens ang Richard, 1992). Aflatoxin content of foods and feeds was evenmally regulated
in many counuies (Stoloff er al., 199f). in some' preducts, such as milk or infant foods.
aftatoxin levels below 0.02 pgkg™ are mandated. Thus, for many, the focus of interest in this
diverse and important fungal group became the production of aflatoxins.

There clearly are interactions between agriculure, and both aflatoxins and the fungi
in the A, flavis group. Some consequences of these ineractions are obvious, others are
virtually unexplored. The relationship of crop comamination cycles to the life strategies of

The Genur Aspergilius, Ediled by Keith A, Powell et af, .
Piemum Press, New Yok, 1994 t
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A, flavus group fungi is uncerrain. The role agricultire plays in swucwnng A. flavus
populadons and their toxigenic powential is also uncerwain. This chapter will address some
aspects of the interactions of A. flavus with homans and human activities; it includes
suggestions on how these interactions may be ahiered to reduce human exposure to aflatoxins
and other detimental fungal traits.

INFLUENCES OF THE ASPERGILLUS FLAVUS GROQUP
Effects of Aflatoxins on Humans and Domestic Animals

Although aflatoxins are most often noted for ability 10 induce liver cancer at very low
doses, they can cause several problems of economic importance during animal production.
The presence of relatively high levels of aflatoxins in feeds can lead 10 animal death; rabbits,
ducks and swine are particularly susceptible {LDyy= 0.30, 0.35, and 0.62 mgkg'', respectively;
Pier, t992). However, a1 much lower concenmations, aflatoxins have other effects on
domestic animals including immunosuppression and reduced productivity {Pier, 1992: Robens
and Richard, 1992). Once consumed, aflatoxins are also readily converied 10 aflaloxin M,
which occurs in milk and can thus cause both human exposure and sickness in animai
offspring (Pier, 1992: Robens and Richard, 1992),

Incidence of Health Effects due to Contaminated Foods. In many developed
counwies, regulations combined with both an enforcemen: policy and an abundant food supply
can prevent exposure of human populations, in most cases, to significant aflaioxin ingestion
{Stoloff er al.. 1991). However, in countries where either food is insufficient or regulations
are not adequately enforced, roudne inpesuon of aflaioxins may occur (Hendrickse and
Maxwell, 1989; Zarba, er al., 1992). 1n populations with relatively high exposure, a role for
aflaoxins as a risk faetor for primary liver-cancer in humans has repeatedly been suggested,
but is still not clear (Robens and Richard, 1992). However, aflatoxins cause a variery of
effects on animal development, the immune systern and a variety of vital organs. Exposure
to aftatoxins, particularly in staples (i.e. com or péanuts) of people dependent upon relatively
few nutrient sources, must be considered a sericus detriment. The relationship between
aflatoxins and kwashiorkor may be only one reflection of this demriment (Hendrickse and
Maxwell, 1989).

Effects of Aflatoxins on Agricultural Enterprise. Conmoversies regarding the
possible role of aflatoxins in primary liver cancer of humans are moo; in the conlemporary
international markewplace. Brokers and producers of agriculoral commodities have found
aflatoxins increasingly cosily as careful monitoring of aflatoxins limiis the use and value of
contaminated products (Cappuccio, 1989). Regulations in most developed countries and even
many less developed counwies restrict the import of contaminated foods and feeds (van
Egmond, 1991: Stoloff er al, 1991). Assessing the aflatoxin conient of crops is a routine
aspect of brokering and often a prerequisite of shipping. Contaminaton is highly variable and
allowable concentrations are at such low levels (some below 1 pgkg!), that analysis prior 10
shipping cannot always ensure acceptable levels upon receipt, even if no increases oceur
during transit (Horwitz er al., 1993), This increases commodily costs and can decrease
competitiveness of imported producis. Regulaiions applied more rigorously 10 imported than
domestic products or set at zero, where the limil of detection determines the enforcement
level, can serve as barriers 10 trade which again increase the cost of products. These
increased costs may be the primary effect of afiatoxins felt by most consumers in developed
nations.

Effects of Aflatoxins on Health of Agricultural Workers, Labourers engaged in
production and processing of commodilies may be exposed 10 aflatoxins through inhalation
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{Shotwell, 1991). Crops grown under conditions favouring aflatoxin contaminaion often
become covered with large quaniities of A. flavies propagules. Furthermore, air in areas where
contaminated crops are produced may contain thousands of pmpagulcs per cubic mcter (Lee
et al., 1986). These propagules. which are mostly conidia, remain associated with the crops
zhrough harvest and processing. Conidia contain large quantities of aflatoxins (over 100
mgkg”’ in some stains; Wicklow and Shotwell, 1982). Since most contamination occurs in
damaged crop components. fines and dust generated during crop processing have much higher
1oxin contents than the crop as a whole (Lee ef al,, 1983). The conidia, fines, and dust, may
be inhalcd and thus pose an avenue of exposure to aflatoxins; this exposure has been
quantified in cenain cases (Showell, 1991}. Recently, occupational exposure to aflatoxins
through the handling and processing of contamninated agriculwurai products has been associaled
with increased risk of both pimary liver cancer and other cancers {Alavanja er af., 1987,

Olsen er al., 1988).

Aspergillus flavus group Fungi as Allergens and Animal Pathogens

Several allergic and infective condittons of humans and certain other vertebrates are
caused by Aspergilius specics (Rinaldi, 1983; St. Georgiev, 1992; Wardlaw and Gedes, 1992).
These include allcrgic bronchiopulmenary aspergillosis and invasive pulmonary aspergillosis.
The most common cause of most of these conditions is Aspergfiius fumigatus (Rinaldi, 1983;
St. Georgiev, 1992, Wardiaw and Gedes, 1992). However, other aspergilll, including
members of the A, flavus group, are also often implicated.

Insect Pathogen. During epidemnics of aflatoxin contarnination, high concentations
of A. flavus group propagules are associared with most objects resident in ficlds, including
insects; thus insects may serve as vectors (Stephenson and Russell, 1974; Widstrom, 1979).
A. flavus readily grows and muliiplies on insect damaged crops, insect frass and on insects
themselves boih as dead debris and as parasitized hosts {Sussman, 1951,1952; Stephenson
and Russell, 1974; Goto er gi.. 1988}, Many insecis typically carry A. flavis group isolates
intemally and many insecis arc hosts of at leasi centain smains (Stephenson and Russell, 1974;
Widstrom, 1979; Goto et ol., 1988). Domesticated insects are included among the hosts of
the A, flavis group. Domcsticaled insect discases include Sionebrood, a rare disease of the
honey bee which is of minor importance 1o bee keepers (Gilliam and Vandenberg, 1990) and
koji kabi disease of culiivaied silkworm larvae {Ohtomo ef gl., 1975; Goto et al.. 1988).

Benefits of Aspergillus flavus group Fungi

Industry. Fungi in this group have had a long history in processing to increase
product utility and value. A. flavus group strains are used 1o produce enzymes for food
processing and other industrial uses and even 10 produce theszpeutic producis such as urate
oxidase and lactoferrin (Chavalet er af., 1992; van den Hondcl er @f., 1992; Ward et ai.,
1992). A variety of traditional fermented food products have been made with fungi in the A.
Jlavus group for centries (Beuchat. 1978).

Ecological Benefits, Although A. fJavus group fungi are not commonly recognised
as beneficial, these ubiquitous organisms become dominant members of the microflora under
certain circumstances and exert multiple influences on both biota and environment. These
fungi are important degraders of crop debris and may play roles in solubilising and recycling
crop and soil numricnts (Ashwonth er af., 1969: Griffin and Garren, 1976). A. flavus can even
degrade lignin (Beus and Dart. 1989). As insect pathogens, thesc fungi may serve to limit
pest populations (Wadhwani and Snivastava, 1985) and have even been considered pmennal
agems o replace chemical insecticides ( Roberts and Yendol, 1971).




Contamination Cycles

Contaminated components. A. flavus causcs 2 varicty of plant diseascs typical of
largely saprotrophic “weak™ plant pathogens (Widstrom, 1992). Thesc diseascs include boll,
ear, and pod rots which result in both decreased yicld and reduced quality (Shurdeff, 1980;
Watkins, 1981). However, crop infcction by A. flavus takes on a different importance than
infections for which concérn might focus on yicld aad quality loss, or increased free famy
acids. Aflatoxins are compounds regulated in parts per billion; yet, these loXins oceur in
ccrtain infections at concentrations over 100,000 ugkg”’, This situation causes high-toxin-
containing componcnts 1o greatly cxceed in cost the value of the same components if not
conaminated. Variability among components of crops in aflatoxin content is exweme (Figure
1). Mosi infected components conwin low aflatoxin concentations (below 50 pgkg').
However, a small pereent contain very high 1oxin levels, at times cxcceding 500,000 pgkg!
{(Cucullu et al., 1966; Schade er al., 1975; Lee e al., 1990; Steiner er al.. 1992). ln many
cases, elimination of highly contaminated components (over 1,000 pgkg”'} would result in a
commodity with an accepiable avcrage aflaloxin conient (Schade er al., 1975; Steiner er al.,
1992},

Crop componcnis damaged by wounding or scvere stwess are colonised and decayed
by a variety of fungi. During hot and dry conditions, fungi in the A. flavas grotp out
compete many colonising microbes and become the prominent fungi degrading damaged
components. In most crops the majority of contamination occurs in damaged plant pars
(Wilson e1 al,, 1977; Lee et al.. 1983; Cotty and Lee, 1989). Damaged seed can be sored
from high value crops for lcss profitable use such as preduction of vegeable oil. However,
crushing contaminated sced to produce oil concenrrates aflatoxins in the resulting meal which
is used for feed. Such toxic meal caused the first recognised aflatoxin problems; peanut meal
caused lurkey X discase in England and cottonsced meal caused trout hepatocarcinoma in the

United States (Goldblatt and Stoloff, 1983), Such mcal must cither be deloxificd (i.c. through .

ammeoniation) or put to non-fecd use (Park er af., 1988).

Geography determines frequency and sevcrity. Geographic location greatly
influcnces frequency of contaminadon. Many agricultural areas at low elcvation and between
the latitides 35 N and 35 S have perennial risk of contamination. Countries in this zone
(which include many counmies with insufficicnt food supply} may view eliminaton of
aflatoxins from the food supply differcnily than countries whose major agriculiral lands lic
out of this zone {i.e. developed countries in Europe and North America). Producers of
contaminated products may base allowablc levels of aflatoxins on toxicological data, whercas
consumer nations which rarely produce comaminated products may base atlowable lovels at
the lowes: level detectable (Stoloff er al., 1991), '

Contamination cycles can be considered perennial, sporadic or infrequent based on
locale and crop. ln all threc situations. populations of A. flgvus are long term residents.
Howcver, populations in different areas differ in magniwde (Figurc 2) (Griffcn and Garren,
1974; Manabe er ol.. 1978; Shcarer e al., 1992) and possibly in the distribution of both
qualitative and quantitative traits (Manabe er al., 1978; Cony, 1992b). During pcriods not
conducive to contamination, perennial areas (i.e. the descri valleys of Arizona; Lee er af.,
1986) support higher A. flavus populations than arcas with infrcquent contamination, i.e.
midwest corn producing arcas (Shearer er al., 1992). Arcas with sporadic contamination may
have perennial contamiination at low levels but, have less regular exposure to-important
predisposing factors such as hot, dry condigons, i.¢. contarnination of com in certain areas
of the southcastern United States (Widstrom, 1992) or insec pressure,, i.e. pink bollworm
pressure on cotton in western Arizona (Cotty and Lee, 1989). During periods conducive to
contamination, a shift in the microflora occurs and aflatoxin producing fungi become
dominant coloniscrs and decayers.
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Processes through which crops become contaminated with aflatoxing are varied and
complex {Diener er al., 1987). However. cerain generalities might be suggesied.
Contamination cycles may be divided inte three phases: Prebloom, Crop Development, and
Post Maturaton (Figure 2).

Prebloom. Contamination does not occur in the field during the peried after crop
removal and prior to bloom. However, both the microfiora and crop may become predisposed
1o conamination. During this phase: 1. propagules (conidia, sclerotia, colonised organic
matter) are dispersed through cultivatton, planting, pruning or other activities of animals
{including man) or the environment: 2. A. flavus populations fluctuate, first decreasing afier
crop removal and then, if conditions are favourable, increasing on debris from current and

22.240 ugikg— 6‘ 47
(J=01-25g/kg -
0 = 25.15 g/kg QT
B = over 15 g/kg
= inlecled & no 1oxin

Figure 1. Disitibuion and aflwoxia conienl of maize kemess on an ear (drown from dzia in Lee e af., 1980}
and bolls on 3 plaal {Colry and Lee. 1990). Conlaminiion is highty variable and nol all infecied seed becomes
conaminazed.

prior crops {Ashwonh er al., 1969: Griffen and Garren, 1974; Lee er af., 1986) 3. The crop
may become predisposed by long periods of drought or by luxuriant growth followed by
drought (Cole et al.. 1982; Deiner er al.. 1987 Shearer er al., 19923; 4. Overwinicring
insects emerge and develop. _

_ Crop Development. From flowering 1o maturation, seeds and fruits are vulnerable

to various perturbations. During this phase: 1. i conditions are hot and dry, populations of
the A. flavis group, in canepy and soil, will outcompele many Saprophytic microbes and
increase in size. 2. High temperatures andfor drought stress may interfcre with crop
development and weaken plant defences making the crop more susceptible to infection and
contamination {Jones e/ al.. 1981; Cole ef al.. 1985; Wotton and Strange. 1987: Widstront,
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1992). 3. Wounding of fruits arr middic to late stages of devclopment can lead to portions
of the crop with very high toxin levels (Lillehoj er a/.. 1987; Couty, 19895). In several crops,
most aflatoxin is formed during his phase and in certain locations crop predisposal 1o
contaminaton can be atributed to specific wound types caused by specific insects. Examplces
are pink bollworm exit holes in cotton in the desert valleys of the wesiern United States
(Cotzy and Lee, 1989), maize weevil damage in the southern United States {McMillian et ai.,
1987), navel orange worm damage in nuts in the western United States {Schade er al., 1975;
Sommer et al., 1986). and lesser corn stalk borer damage in peanuts in the southern United
States (Lynch and Wilson, 1991}. In some crops, componcnts prevented from rnataring due
1o stress or early harvest are particularly vulncrable to contamination {Cole er al.. 1985;
Lynch and Wilson, 1991}
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extent of contamination and the magnitude of A. flever populstions associated wiih the crop. Boxed
information appiies 10 a3l crops.
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Post Maturation. Most crops are susceptible to afiatexin contamination at maturity
and if the crop was grown in an area with perennial conaminalion or during & period
conducive to contamination, the mature crop will be associated with large quantities of A.
flavus group propagules. These propagules remain associated with the crop as it awaits harvest
in the field, during harvest, field storage (i.e. peanuts in windrows, cotton in modules),
shipment and processing. and even during storage by 1he end user, Exposure.of the mature
crop to periods of weuing and drying under warm conditons may lead 1o increased
conamination. Aftatexin concentrations are known to be dependent en  environmental
conditions and competing microflora (see Strain Isolation and Accumulation of Aflatoxins).
Mature fruits and seeds are living organisms and factors which compromise seed health, such
as weunding or stress, predispose these products to infection and coniaminadon, Harvest
operauons can simulianecusly damage crops and intreduce A. flavis into wounds (Schroeder
and Storey. 1976; Sommer ar al.. 1986; Siriacha er af., 1989). Insect activity after harves:
can disperse aflatoxin-producin g fungi and. by increasing host susceptibility. increase aflatoxin
levels in a manner similar to insect damage during crop development (Dunkel, 1988). The
same insect can affeci conamination both prior to and after maturation (ie. the navel orange
worm on pistachios), '

Pos: masuration contamination dictates tha each handler of the crop be responsible and
minimize the potential for aflatoxin increases. Thus dairtes which purchase feed with
undetectable 10xin must still store the feed properly or contaminared milk may cccur. With
indelerminate crops (e.g. cotton) crop development and post maturation phases may occur
simultanecusly and with all crops thc prebloom and post maturation phases occur
simultaneously, although at different locaions.

Initially, the crop developmem phase was ignored because 2ll contamination was
thought t¢ occur post harvest: recently, _most research has been directed a1 contamination

-"'A. llavug -, A, parasilicus A, nomius
35k ““‘"’“., ATRL SuaTes Trey VAT T

" 1.0 - A

o T :

T |

T 0.9+ L

o

5

% 0.8 =
EiS .
g & 0.7 .
3 fud . Y
] 0.6 -J l
; 8 slrain L sttain
I 2 i5ATES 15 MR ATES
[«
= 1.0 -

g 0‘5 j %

& 0.6

[+

0.4 = .
L {

Figure 3. Phenograms of A. flavis group isolaes. Taka-amyiase daia from Egel and Colly, {1992). RAPD dola
from Bayman and Cony. (1993),
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before harvest, sometimes without distinguishing periods of active crop devclopment from
periods after maturation (Lillehoj er al, 1976: Geldblaw and Stoloff. 1983). The
contarmination process can be divided many different ways besides those presented here.
However, failure to segregate the contamination process into different phases may resalt in
data that suggests no clear pattern and apparent conradictions. For cxample, in Arizona, most
" cottonseed contamination occurs during crop development in cottonbolls damaged by pink
bellworms in the absence of rain (Cotty and Lee, 1989). Still, rain on a mature crop awaiting
harvest ¢an lead te significant contaminatien during post maturation, even if developing bolls
were not damaged (Cotty, 1991). Similarly, a great fervour occrrred about contamination of
the midwest U.S. corn crop, in the field, during droughts of 1983 and 1988 (Kilman, 198%;
Schmitt and Hurburgh, 1989; Shearer er af.. 1992), Yet, in Thailand, contamination typicatly
occurs during the wet season, not during the dry season (Gote er al., 1986). In Thailand's
rainy scason, contamination occurs during post maturation (Siriacha er al, 1989} in the
midwestern United States, it typically occurs during crop development (Lillehoj er af., 1976).

FUNGAL POPULATIONS
Briversity

Species of Aflatoxin-Producing Fungi., There have been a variety of taxonomic
schemes used to classify A. flavus group strains (Thom angd Raper, 1945; Klich and Pitt, 1988;
Samson and Frisvad. 1990). Each specics represents an assortment of smrains which behave
ag cional organisms with the exception of oceasional parasexuality between members of the
same vegetative compatibility group (Papa, 1984, 1986). For the purposes of this discussibn
we will place all iselates within this group inte four species A. flavus. Aspergillus parasiticus,
A, namius, and Aspergilius ramarii. Depending on interpretation, these specics are supported
by clustering algorithms based on DNA polymorphisms (Kuntzman er al., 1987; Moody and
Tyler, 1990a.b: Egel and Cotty. 1992: Bayman and Cotty, 1993}, A. ramarii is of minor
intercst here because no isolates in-this species produce aflatoxins. A. ramarii isolates
apparemly have some markedly different adaptations than the remainder of the group and A.
lamarii is more distantly relaled to the other three species, than the three are te cach other
(Kurtzman er gf., 1987; Klich and Pitt, 1988). Aspergifius oryzae and Aspergifius sojae are
apparently derived from A. flavus and A. parasiricus, respectively (Kurtzman er al.. 1986) and
will be mentioned only in an industrial contexi. A. nomius was named after the genus of
alkalt bees from which scveral isclates were obtained (Kumzman er af., 1987). A. nomius
comprises & group of strains that are distinct by both physiclogic and - molecular criteria
(Kurtzman er al., 1987: Bayman and Coity, 1993). The name “nomius” may be misleading
in associating this species predominantly with the alkali bee when isolates are known from
several crops, including wheat (the type isclate) and peanuts (Hesseltine er af., 1970).

Diversity Within Aspergilius flavus. Within each of the three aflatoxin producing
species, there is a great deal of variability among iselates. It may be, that if we sought out
all the unusuzl or atypical isolates within this group and examined them, we would find a
continuum as suggested by Thom and Raper (1945). Indeed, based on polymorphisms in the
Taka-amylase gene, we have found strains intermediate between A, flavus and A, parasiticus
as well as A. nomius isolaies almost as different from the A, nomius type stmain as the A.
parastricus 1ype from the A. flavus type (Egel and Cotty, 1992; see Brazil nut isolate in
Figure 3). Variation among isolates ts evident in geneiic, physiological and morphologicat
characters. Each of the above species is composed of at least several Vegetative
Compatibility Groups (VCGs) and A. flavus is composed of many (Papa, 1986; Bayman and
Cotty, 1991; P.J. Cotty, unpublished). Physiological and mormphological traits are typicaily
much more consistent within a VCG than within the species as a whole {Bayman and Cotty,
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1993}, Thus. 2 large portion of the variability perceived within A. flavus reflecis divergence
among VCGs. This divergence has resulted in consisient differences among VCGs in several
characters, including cnzyme production, piant vinilence, scierotial morphology. and other
physiological wraits {(Cotty, 1989a: Couy er af., 19905 Bayman and Cotty, 1993).
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Figure 4. Silhoueoes of sclerolia produced by aflaloxin producing isolales during 30 days growih a1 32 °C
on Crzapek's agar, A Js an unusual isolale of A. somius from a Brazil nui; B 15 an L soain isolats of 4.
flaves: C 35 an § strain isolate of A, flavus; D is the 1ype isolale of A, nomius, E is an isplale of A.
parositicus. All bars are 3 mm. ’

Vagability in preduction of aflatoxins, especially among A. flavus isolates, has often
been reported and discussed (Joffe, 1969; Davis and Deiner, 1983; Clevsmom and Ljunggren,
1985). A. flavus isolales may produce anywhere from no deteciable aflatoxins (<1 pgkg™) 10
over 1.000.000 pgkg'. A. parasiticus and A. nomius produce B and G aflatoxins. and A.
parasinicus produces aflatoxins far more consisiently than A. flavus {Hesseltine er al., 1970;
Dorner er al., 1984, Kurtzman er al.. 1987). Too few isolates of A. nomius have been
zxamined to diszern consistency. A, flgvus is generally considered to produce only B
* aflatoxins (Samson and Frisvad. 1998): however, this observation is dependent on how the
definition of A. flavus is restricled (Saiwo eraf., 1986; Klich and Pitt, 1988). Taxonomy aside.
variabilily in toxin production. and other smain differences indicate divergence and possible
differeniial adaptadon. This variability can be a tool for discerning functions of variable taits
{Cleveland and Cotty, 1991); it may further be used to devclop a better understanding of the
ecological niches to which straing are adapled.

On the basis of pbysiclogical and morphological criteria, A. flavus can be divided into 1wo
strains, 8 and L {Cotty, 19894). Isolaies in the S smain of A. flavus (actuaily a collection of
strains which belong to numercus VCGs: Cotty, 1989g: Bayman and Cortty, 1993; Cotty ef
al., 1990b) produce numerous small sclerotia and fewer conidia than other A. flavus isolates
(Cotty, 1989a: Saito er g, 1986). The L strain is composed of the so called "typical” isolates
of A. flavus (Saito er af., 1986) which produce larger and fewer sclerotia. Some key
differences between the 5 and L strains are outlined in Table 1.
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Table 1. Key characierisiics of the $ and L strains of Aspergiiius flavus

Characier L. strain S strzin Referenee'
Sclercliom size Average» 300 mm Average< 300mm A B
Produclion of aflatoxins Varable, Zero 1o High  Consistent. High A.B
Production of conidia Heavy Light A.B
Produciior of sclerolia :
on powio dextrose agar None [o many, 10cm™®  Many > S0cm™ A
on 5% V-8 juicc None 1 few, < lem®,  Many 10cm? 1o 30em™ A
Virlence 1o colton High Low 1o High A
Peclinase produclion Consistent Yariable C
Primary habitat Acrial? Sail?

'‘References: A = Coily, 1989a; B = Saito e ot 1986; C = Colly e of.. 19905

Importance of Infrequent Strains to Contamination. The etiology of aflatoxin
contarnination. and the relationship of both the size and structure of Aspergitfus populations
10 conlamination is complicaled by 1he importance of unusual strain types which occur a1 low
frequency. Aflatoxin contamination is a peculiar and frustrating agricultural problem because
less than 1% of the crop may be contaminaled with levels high enough to make the average
of 1he entire crop exceed allowable concentrations {Figure 1). During atribution of cause,
infrequent bu1 highly toxigenic strains may easily be overlooked or not identified as potential
aflaioxin producers. Such may be the case with isolates belonging to the § strain of A,
Flavus. Due 1o colony and sclerotial appearance (Figure 4) § strain isclates may be passed
over in favour of co-occurming “typical” or L strain isolates, Several visitors to our
lzboralory have been surprised at the identity of 5 straip isolaies and have rétumed home to
discover the occumrence of S strain isolates at their locale. In soils of severat areas of the
southem United States. the 3 strain incidence averages around 30% (Couwy., 19925). On
average S strain isolates produce much higher aflatoxin levels than L. strain isolates, and also
morc sclerotia and fewer conidia (Saite er af.. 1986: Cotty, 1989a) (Table 1), Predominance
of conidiz of L strain isolates on mature crops may at times interfere with attribution of
contamination to $ strain isolaies actually inciting the problem.

Another relatively infrequent aflatoxin-producing fungus is A. nomius. A. nomius
isolates can produce large quantilies of aflaioxins but may be misidentified as A. parasiticus
which produces the same aflatoxins (both B and G) and roughened conidia (Hesseltine er al.,
1970; Kurtzman &7 al,, 1987). A case in point is an unusual A. nomius isolate from a siore-
bought brazil nut which conuined 8,400 ugkg' 10tal aflatoxins (Figure 4). This isolate
preduces large quantities of aflaioxins and. based on pelymorphisms in the taka-amylase gene.
differs almost as much from other A. nomius isolaies as A, parasiticus differs from A. flaves
{Egel and Couty, 1992) (Figure 3). This isolate is clearly unusual, but it incited significant
contamination in the markctplace. Furthermore, such rare highly contaminated nuts are the
primary source of contamination in brazil nuts {Steiner er af., 1992),

Diversity in Ecological Niches. Fungi in the A, flavus group are broadly adapied 1o
exploit many organic putrients and to infect a2 variety -of animal and plant hosts.  Strains
must adapt to compete in ecological niches which provide long term survival. Many strains
with diverse adaptations clearly have some success in exploiting crop related resources.
However, other niches, which may only .support small fungal populations relative to crop
associated niches, may have been occupied over long perods by certain strains. Differences
among these "minor” niches may drive strain diversification. Similarly. stability of minor
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niches may stabilise the character of minor strain types. Relatively stable minor niches may
have greater Jong (erm imporiance than vast crop resources, because suitability and quanticy
of crop related resources oscillate widely in response to the environment, insect herbivory,
changes in agronomic practice and the crop itsclf.

Wickiow (1982} showed that somins of the A. flavus group uscd as Kofi moulds
(moulds used 10 producc fermented foods) (Beuchat, 1978} germinate faster and have larger
spores than wild strains of the species from which these moulds were probably domestcated;
thus during domestication. thc Koji moulds might have developed traits which favour rapid
nutricnt capture (and success during imraspecific competition) and lost traits which are no1
adaptive in the Koji environment, i.e. aflatoxin-producing ability (Wicklow, 1982). DNA
rclatedness among stzains of A. flavis and A. parasiticus and their Koji mould equivatems,
A. oryzae and A. sojoe, suggest that the Koji moulds were indeed derived from the wild
species (Kurizman er af., 1986; Egel and Corty, 1992). However, atributing adaptive value
10 Koji maits is speculative in the absence of cxperimental daw. Similarly, strain variability
suggests muliple adapiations, but our assignmemt of specific funciions to adaptations is
largely speculative.

Srrains of the A. flavus group may not only differ in host or pumient use, but also in
hosynurient location and stralegy to exploit resources. Members of this group are very
common both in and above the soil. Although all A. flavus group strains contribute to the soil
biota, cerain strains may be betier adapted 10 capiure resources above the spil.  Small
sclerotia and reduccd sporulation among S strain isolaies rmay imply adaprtation to infect and
capture resources in the soil whereas relatively large sclcrota often facilitates aerial infection
and numient caplure (Garreit, 1960). S sirzin isolates may have diverged from other A. flavus
straing through adaptations 10 the so0il environment. There has been a gencrat assumption that
scleroria of this group serve primarily 10 produce conidia after non-conducive periods
(Wicklow and Donahue, 1984). Scleroda of other fungi can gcrminate direcdy to infect
hosts or capture resources (Colcy-Smith and Cooke, 1971} this may also be an important
role for sclcrotia in the A. flavus group, panicularly for S swain isolaies which appear 10
disperse via numcrous, small sclerotia,

A. parasiticus has also been associated with the soil environmen (Davis and Diener,
1983} because in certain locations (e.g. Georgia}, it occurs more frequently on peanuts than
on corn (Hill er a/., 1985). Although relatively few isolates have been compared, in most
cases, A, flavus isolates are more invasive of Crop tissucs, even peanut tissues, than A.
parasiticus (Calvert er al.. 1978: Zummo and Scot, 1990; Pin er af.. 1991). Furthermore.
based on occurrence of G aflploxins (produccd by A. parasiricus and A. ramius, but not A.
flavusy A. flavus produccs mos! contamination in peanuts (Hill er af., 1985; Maeda. 1990},
Cenflicting observations on the association of A, parasiticus with peanuts may reflect fungal
adapiations to soils or conditions in cerin locales where peanuts are a major crop and lack
of adaptaton to other locales. This is supponed by a low frequency of A. parasiticus in
scveral agricultural areas and failure of introduced A. parasircus smains 10 overwinter
efficiently at certain locations (Davis and Diener. 1983; Zummo and Scott, 1990; Couy,
19924). .

A. flavus strains preduce large quantitcs of extraccllular enzymes (van den Hondel
er al., 1992) which probably enhance their ability 1o utilise a broad assortment of organic
resources. Enzyme polymorphisms have been used to suggest a role for specific enzymes
(elastase and pectinase) in fungal virulence. Centain smains of A. flavus have reduced ability
to rot corton bolls and spread beiween cotton boll locules (Corty 19894). This reduced ability
is associated with failure 10 produce a specific pectinase isoenzyme, P2C, both in culture and
devcloping cononbolls (Cleveland and Cotry, 1991; Brown er al,, 1992}, 1n onc population
study, 50% of S smain isolatcs and no L smain isolawes failed 1o produce P2C. This
polymorphism suggests certain § suzin clones arc not dependent on efficient colontsation of
plant hosts. S swain isolates might primarily exploit soil debris andfor insec1 hosis and thus
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not require high pectinase. Even though not optimally adapted to exploit plants, pectinase
P2C deficient strains do occur on the commercial crop and can cause significant
contaminaton {Cotty, 1989a; Cotty ef af.. 1990b). Therefore, specific adaptation to a crop
is not required for swain conmibution to contaminaion. Analogous to P2C variability is
variability in production of elastase (an alkaline protease]. All A. flavis strains isclated from
patients suffcring from invasive aspergillosis produced elastase whereas strains from other
origins produced elastase less frequently (Rhodes er al., 1988). Thus. a role tor clasiase in
human pathogenesis has been suggested (Rhodes er af,. 1988), although this role is stll
controversial (Denning ef al., 1992). A. flavus is an opportunistic human pathogen and it’s
unlikely that A. flavus elastase evolved 1o permit infection of mammals. The ecological
function of elastase is not clear; however, elastase production may be directed at explofiation
of dead mammais or insects (Chamley, 1989: Malanthi and Chakraborty, 1991).

A.flavus has anintimare relationship with insects, particularly lepidopterans (Sussman,
1951, 1952). Excretion of large quantities of diverse enzymes. a characteristic of the A,
Aavus group (van den Hondel er af., 1992), may facilitate mutualism as well as parasitism and
saprophytsm (Martin, 1992). Insect use of fungal excreted enzymes 1hat degrade or detoxify
plant products can drive development of fungal-insect mutualisms (Martin, 1992). The A,
favis elastase actively degrades multiple enzymes in alkaline environments (Rhodes er al,
1990) and is relatively stable among other proteases (van den Hendel er af., 1952: P.J. Cony
and I.E. Mellon, unpublished). Such activities might ameliorate the lepidopteran gut
environmen! {ie. alkaline and high protease activity) (Martin, 1992) and permit strain
establishment and retention.  Similarly, aftatoxins may cxert influence on insect immune
systems (Charnley. 1989) permitting fungal swain retention, A. flavis-insect relations meet
severa} prediclions of murualistic relations including fungal asexuality and lack of specificiiy
(Marin, 1992). However. production of a potem insecticide and/or other virulence factors
(Sussman, 1952: Ohtomo er af., 1975; Drummend and Pinnock. 1990) within host tissues
preclude full mutwalism and allows a shifi from avirtlence to virulence. The associated host
death may benefit beth saprophytic insect exploitation and movement to plant rescurces
{Benneit. 1981). Speculations zboul 1he nature of the relationship aside, diverse arthrepods
vector A, flavus group fungi. predispose crops to.aflatoxin contamination and serve as beth
hosts and predators of many A, flavus group strains (Widstrom. 1979). In the latter two roles
these animals may exert strong selective pressure on fungal strain character and the fungi may
exent considerable pressurc on insects (Rodriguez er af., 1979; Wadhwani and Srivastave,
1983). ' .
Specialisation of strains seems not to include pathogen-host specificity, or at least
specificity has not been shown. Sussman (1951) showed diverse lepidopterans were infected
by the same strain of A. flavus and isolates from one crop typically can infect and
contaminate other distantly related crops {Schroeder and Hein, 1967 Brown er al., 19%1).
Similarly, the life strategies of strains causing aspergillosis in poultry and humans are clearly
not directed at specifically expleiting those hosts.  Different crop associations of A.
parasiticus znd 4. flavies srains may reflect either as vet undescribed adaptations to specific
hosts or other differences in ecological adaptation and life soategy (Moss, 1991) (see above).
Many adapuions in this group relate to aggressive saprophytism at elevated temperature and
under telatively dry conditions. As pathogens. these fungi generally expleit wounded or
stressed hosis and avoid taking on host defenses directly, although A. flavus does elicii plant
defense mechanisms (e.g. enzyme preduction and phyicalexins) (Mellon. 1991,1992). Sill,
hezlthy and non-compromised hosts (both planis and animals) can be infected (Barbesgaard
er af., 1992; Pitt et al.. 1992). 1nfection of healthy plant parts in the absence of symptoms
may occur regularly, even if these infections do not include invasion of living host cells.
Indeed. through serial isolatons. systemic plant infections by A. flavus group strains have
been observed in com, peanut and cotton (Klich & af., 1984; Pitt er af., 1991; Mycock & af,,
1992).
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Influences of Agriculture on Fungal Populations

Fungal Population Structure. Populauons of A. flavus group fungi are complex. All
spceics within the group may occur on the same crop or in the same field (Schroeder and
Boller, 1973; Davis and Diener, 1983: Cotty, 1992b). The greatest information on population
structure is available for A, flavus which is composed of numercus vegetative compaiibiliry
groups (Papa, 1986: Bayman and Cony, 1991) (Figure 5). Populations are complex at every
ievel with multiple strains occupying pram quanthies of soil and individual crop pieces. VCG
composition of the populauon infecting a crop does not neccssarily reflect the VCG
composition of the populaion within the soil in which the crop is grown (Couty, 19925).
Furthermore. during crop producuon ncw resources for A, flavus to exploit become available
and populaiion composiiion may change very rapidly (Bayman and Cotty, 1891; Cotty, 19915,
1992b); apparently these fluxes in populauon composilion are driven by establishmem of
relatively rarc VCGs on newly available resources. There is little information on A, flavus
group populations in the absence of agriculture and linle information on fungal community
responses to agricultural metheds (Zak. 1992). However, it is clear that cultivation disturbs
and homogeniscs the soil environment in which these fungi reside and in so doing must
disperse conidia. sclerotia and colonised organic matter. At the same time both culiivation
and crop development create immense resources for fungi 10 use. Alithough disturbance
generally resuits in decreased species richness and helerogenciry, this sudden abundance of
resources during environmenis favouring the A. flavies group may permit nencompetitive strain
coexistence (Zak. 1992) and a 1emporary increase in the diversity of swains exploiting
particular resources.

Selection of Fungal Strains. The A, flavus group is broadly distributed but, in the
absence of crop cvcles, A, flavus group populations are generally maintained at relatively low
levels (Angle er al., 1982; Shcarer er al, 1992) and in the absence of a conducive
environment. A. flavus populations also maintain low levels on crop resources (Griffin and
Garren, 1974; Shearer e/ al., 1992). Thus, during conducive periods, there is a poicntial for
crops to exen remendous influcnce on strain growth and sclection. Strains infecting crops are
diverse in many characiers including type and number of sclerotia, toxin producing abitity,
VCG, and even virulence to plams, This diversity among infecting strains suggesis that
agriculture does not aggressively select specific fungal types. However. a lack of requirement
for aflatoxin producuon during crop infection and during fungal increases on crops (Cotty,
19894) may permi1 disproportionate increases in aloxigenic smains (Bilgrami and Sinha.
1992). Furthermore, the importance of aerial dispersal 10 sprcad through a crop may cause
1the high sporulating L. strain of A, flavus 10 cucompete the low sporulating 8 strain during
sccondary spread in the canopy. An as yet unknown specific strain-vector association could
also permit strain advantage. Cropping process. crop types. geography, and/or climate may
selcot certain strain types (Shroeder and Bolicr, 1973; Lafont and Eafont, 1977; Wicklow and
Cole, 1982: Shearer ef al., 1992). However, multiple-year experiments with more rigorous
design are nceded 10 reliably establish such seicetion, if present.  Studies should also utilise
strain identification methods that are more specific than ability to produce either 1oxins or
sclerotia. Vegetative compatibility analysis has been shown to be useful for monitering the
behaviour of specific strains over both time and space (Coty, 19915, 1992¢) and we recently
found diffecrences among cotton producing areas in the proportion of A. flavus isolates
belonging to the S strain (Cotty, 19928).

Crops might exen different influences on populdtions by cxpoesing strains to either
different substrates or resistance factors. Crop components for which contamination is a
concem {i.e. nuts or kernels) do not exen the only nor often the major influence on
popuiations: other parts (f.e. leaves. stems, floral parts, cobs) may play a greater role in
forming and maintaining the overall population (Zummo and Scott, 1990; Kumar and Mishra,
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1991). Perennial crops (i.e. tree nuts) may maintain and select strains on perennial parts and
long season crops (i.e. cotton) may provide longer periods of increase and shorier periods
between crops than short season crops (.e. comn). The nawre and magnitude of plant debris
and it's successful survival between croppings may be an important determinant of population
structure and magnitude (Jones, 197%; Zummo and Scou. 1990). A. flavus can colonise very
large proportions of plant debris associated with crops and this debtis can yield large
quantities of conidia (Ashworth et al., 1969, Stephenson and Russell, 1974), Variation among
crops in insect microfiora may aiso influence the composition of fungal populations. This
phenomenon might occur due 10 differences in  herbivory or variability among insect hosis
in both life cycle and susceptibility to fungal swrains,
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Figure §. Diagrammaic sepreseniation of the vegerslive compatibility group (VCG) compesition of a
single agricullural figld, Marker frequency indicales the relmive incidence of the represented VCG within
the ficld, Marker shape does nol reflect mosphologicsl differences among ¥YCGs, Only YCGs that make up
grealer than two percent of the populaton are represenied (Bavman and Cony. 1991},

Adaptive Value and Ecological Significance of Aflaloxins

Through their effects on agriculture, aflatoxins prove to be “non-nugitional chernicals
conrrolling the biclogy of other species in the environment,” Torssell's (1983) definition of
secondary metabolites. A characieristic of secondary mesabolites is a principally unknown
function (Torssell, 1983), however, consideration of the adaptive value of aflatoxins is
appropriate when discussing interactions among aflatoxins, Aspergillus, and agriculture.

Protection of Survival Structures. High coneentrations (3 mgkg™ 10 132 mgkg™!
aflatoxin'B,) of aflatoxins occur in both conidia and sclerotia of aflatoxin-producing strains
(Wicklow and Cole, 1982; Wicklow and Showvell. 1982; Couy, 1988). The presence of
aflatoxins in scierotia has received 1the mos1 attention because sclerotia are long term survival
suctures and aflatoxins are highly 1oxic 10 a variety of predators of fungi, especially insects
(Wright et al.. 1982; Willens and Bullock, 1992). Sclerotia of A, flavus group fungi typically
contain an exwensive arrey of other toxic mewbolites in addition 10 aflatoxins (Wicklow,
1990). Some of these metabolites are not found in other fungal structures and in combination
with aflatoxins these toxins may form an elaborate chemical defense systern directed al
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protecung scieroua from insect predaton (Wicklow, 1990: Dowd. 1992). Indeed kojic acid,
a metaboiite of most A, flavus strains, can synergistically increase the 10xicily of aflaloxin B,
10 caterpillars (Dowd, 1988).

Long term survival for A. flavus group propagules requires resistance to degradation
by microorganisms during conditions (wet and/or cool) not conducive 10 sutcessful
competition by A. flavus. Bacteria are active under these conditions and, although aflaloxins
are not very inhibitory to fungi. they do inhibit many bacteria at concentrations present in
sclerotia (Burmcister and Hesseldne, 1966, Ami er af., 1967, Angle and Wagner, 1981),
Aflatoxins even inhibit certain known bacterial antagonists of A. flaves (Kimura and Hirano,
1988). However, purc aflatoxin B is rapidly degraded in diverse soils (Angle, 1986). and
thus o have long temm effecis, aflatoxing may themselves have to be shielded from
decomposition. a condition possibly provided by the sclerodal rind (Willetts and Builock,
1992).

A. flavus strains which produce sclerotia may either produce aflatoxins or not (Benneut
et al., 1979; Cotty, 19894). Furthermore, sclerotia of the same strain with differing afiatoxin
conten can be produced by growing sclerotia on different substrates (Cotty, 1988). Scleroda,
from muliple sources, with different aflaioxin contents could be evaluated for longevity in
ficld soil. resistance 10 microbial degradation, and insect predation. If aftatoxins congribule

to the defense of sclerotia. sotne level of correlation berween aflatoxin content and sclerolivm

resistance should oceur.

Association with Sclerotia. A relationship between sclerotia and aflatoxins has been
repeaicdly suggesied (Mehan and Chohan, 1973; Sanchis er af., 1984). 'This is not a
sraightforward relationship because, in virrp, certain fungal strains produce aflatoxins bui noi
sclcrotia and vice vcrsa (Benneu er af., 1979). The sitsation is furthcer complicated by
auributing quantitative differences in 1oxin producing ability 10 1he tendency of a smain (0
produce sclerotia (Mehan angd Chohan, 1973 Sanchis er af., 1984). These differences
probably reflect differences among phylogenetically diverged groups which may be identified
less ambiguously by sclerotial morphology (Cony, 19894). Howevcer, in swains that do
produce both sclerotia and afiatoxins, there appears 10 be an interrelationship between
reguladon of aflatoxin biosynthesis and regulation of sclerotial morphogenesis (Cony. 1988).
This is suggesied by: A) association of increascs in aflaioxin production with inhibition of
sclerotial maturation when cultures are exposed to either acidic pH or fungicides which inhibit
ergosterel biosynthesis (Cotty, 1988: Bayman and Cotty. 1990); B) coincidence of sclerotial
maturation with cessation of afiatoxin production {Coiy, 1988): C) high aflatoxin content of
scierolia (Wickiow and Coie: 1982, Wicklow and Showwell. 1982; Couy, 1988); D) possible
wansport of aflatoxins from mycelia into sclerotia {Couy, 1988; Bayman and Couy. 1990).
These observaiions suggest that sclerotivm maturation is associaled with a signal that
ierminates aflaloxin biosynthesis. Delays in sclerotial maturmion may thus delay the
termination signal and be associated with increased aflatoxin concentrations.

The interrelationship between sclerotial morphogenesis and aflatoxin biosynthesis is
supporicd by recent agvances in our undersianding of the molecular biology of aflaioxin
production. During characterisation of genes invoived in aflaloxin biosynthesis. influences
of specific genes on both biosynthesis and morphogenesis has been observed (Skory er al..
1992). However. as Skory er af. (1992) point out, it is not clear whether this relationship is
a direct influence of either aflaioxins or aflaioxin precursors on scierotia or a rcgulatory
associagon. The recent isolation of a putative regulatory element (apa-2} that influences both
processes (Chang er al., 1993) also cormroborates the relationship. The suggestion of Skory
et al. (1992}, 1hat azflatoxins themselves may serve a rcgulalory role during scleroual
developmeny, is interesung in light of the ability of aflatoxin B, to directly bind DNA
(IMucnch er al.. 1983); a regulatory role for aflatoxins in mature scierotia is also possible.
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Accumulation of Aflatoxins in Substrates. Aflatoxins are a concem in agriculure
because large quantities can accumulate in cenain plant materials, This accumuiation may
be a survival adaptation dirceted at either preventing ingestion of infested seed or inhibiting
compesition (Janzen, 1977: Bilgrami and Sinha, 1992). However, large quantities of
afiatoxins are not accumulated in many plant parss in which the fungus increases and is
maintained (Griffin and Garren, 1976; Takahashi er af.. 1986), and A. flavus is not very
efficient a1 cither degrading aflatoxing or converting them to use (Doyle and Marth. 1978).
Many strains of A. flavus do not produce large quantities of aflatoxins {Davis and Deiner.
1983) and when grown with other microbes (which is common in nature) toxin production
is greatly curtailed (see Strain lsolation and Accumulation of Aflatoxins), Indeed, it might
be argued that most matcrials in which A. flavus grows and is mainwined, are not
contaminated with large quantities of aflatoxins. If accumuladon of aflatoxins in plamt
substrates is a directed fungal strategy, it is a very inefficient one. Accumulation may be
inadvertent, caused by interference with sclerotial morphogenesis (Cony, 1988). Export of
aflatoxins from producing cells (Shih and Manh, 1973) might be directed at creatng
accumulations in the sclerotial rind (Willewts and Bullock, 1992). Accumulation of aflatoxins
intracellularly and in.dcad cells of the sclerotia) rind is testable by histological techniques.

Microbial Interactions and Aflatoxin Biosynthesis, Aflatoxin biosynthesis is readily
inhibited by microbial competition. Many microbes interfere with aflatoxin production in
cultre ( Kimura and Hirano, 1988: Roy and Chourasia, 1990) and in crops (Ashworth er al.,
1965; Enrlich er al., 1985). Even A. flavus and A. parasiricus strains and/or mutants which
do not produce aflatoxing can interferc with aflatoxin production and/or crop contamination
(Ehrlich, 1987; Couy, 1990; Brown er al.. 1991). Interfercnce apparenty occurs through
compctitive exclusion (Cotty er al.. 1990a), producdon of interfering compounds (Shantha er
al., 1990} and/or compeduon for nutrdenis (Cowy a1 al, 1990a). lsolation of aflatoxin-
producing strains from interfering strains is thus prerequisite for accumulation of high
aflatoxin concemtradons in crops (Bullerman er al., 1975; Roy and Chourasia. 1990}
lsolation may occur spatially, as occurs in laboratory tests on sterilised subswates, or
physiologically, wsually when wemperalure or substrate moisture or composition favour
dominance of A. flavus. Stain isolation may be one mechanism through which both
wounding during crop development and high temperatre favour very high toxin levels; rapid
wound colonisation with aggressive-invasion of developing lissues may permit such isolation.
If isolation of toxigenic strains is inadequate. poor aftaloxin production will result even
though conditions favour growth znd reproduction of the inciting fungus (Builerman er al.,
L975%

" Interactions with Hosts. Aflatoxins are toxic and excrt several physiologic cffects
on most hosts of the A, flavus group including plants, insects and mammals (Robernts and
Yendol, 1971; McLean er al., 1992: Robens and Richard, 1992). Aflatoxins may thus mediate
pathogenesis either as a determinant of strain pathogenicity or by increasing strain virulence.
Several lincs of evidence suggest thal this is, at least, not always the case. Even though very
high 10xin levcls have been deiccied in plants {over 500 mgkg') (Lee er al, 1990)) and
insects (over 13 mgkg') (Ohiomo er al., 1975). A. flavus group isolates from insects,
mammals, and planis may either proeduce aflaioxins or not. Furthermore, isclates which do
not produce loxins retain ability 10 cause disease in the evalualed hosts {Cotry, 1989a;
Drummoend and Pinnock., 1990}, In insects, aflatoxins may serve as virulence factors,
incrcasing the rate at which infecied insects die {Chtomo et af., 1975}, However, the ability
of A, flavus to infect and invade insects appears to be more dependent on -enzymatic
degradation of host proteins and cuticles (Sussman, 1952; Charnley, 1989).
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Conservation of Aflatoxin producing ability. The A. flavis ‘group is a mosaic of
numerous strains delimited by a vegetative incompatibility system (Bayman and Couty, 1991).
These smains appear to evoive, at least in general, as elones (groups of identical organisms
descended from & single common ancestor by mitosis) (King and Stansfield, 1985). These
clones may move rapidly from rare 10 frequent depending on epporunity (Bayman and Cotry,
1991). The importance of 2 given trait to strain success may be viewed both by the diversity
of strains expressing that tail and the frequency of the expressing strains, Consisient
expression of a trait by diverse strains may indicate 1hat trait is beneficial in multiple niches
or that it has use in a broad ecological niche. The tendency to produce aflatoxins is highly
variable within the overall A. flavus group. However, toxin production is more consisten
among strains which are more closely retated on the basis of morphological, physiological,
genetic, or molecular characieristics (Domer et al., 1984; Saito er al., 1986, Cotty. 1989a;
Moody and Tyler, 1990a.5; Egel and Cotty, 1992; Bayman and Cotty, 1993). Thus, we can
associale conservation of toxin production over evolutonary time with certain clusters of
strains and loss of toxin producing ability with others. These observations may lead to new
insights on polemial adaptive values of afiatoxins as we learn more about the basic biology
of the various clusters. Afiaoxigenicitly is highly conserved arnong most wildtype strains of
A. parasiucus and A, flavus strain S (Domer er al., 1984; Cotry, 1989¢). Aflatoxin-producing
ability is readily lost in culmre and thus. conservaron among field isclates of these
evolutionarily diverged clusters implies a strong selective force causing retention of aflatoxin-
producing zbitity. These clusters may share a common use for aflatoxins or may each have
different uses. S strain isolates are more closely related 10 L strain isolates than to A.
parasiticns (Epel and Cotty, 1992: Bayman and Cotty, 1993). Apparemly divergence of the
L and § strains is reladvely recent compared 10 divergence of A, flavus and A. parasiticus.
Unstable woxin production {Boller and Schroeder, 1974 Clevstrom and Ijunggren, 1985) and
reduced toxin producing ability are characteristics of the L swrain (Cony; 19894a), and Bayman
and Cotty (1993) found that low toxin producing strains within the L strain are more closely
related to atoxigenic strains than 1o highly toxigenic strains. Thus, atoxigenicity apparently
can be a multistep process in this group and for at least one of the ecological niches 10 which
the L strain is adapted. afiatoxins do not confer an impormant advantage. Afiatoxins do nol
increase fungal virnlence 1o crops (Conty, 1989a) and awoxigenic A. flavus strains have been
associated with aerial crop parts (Bilgrami and Sinha, 1992): A. parasiticus (Davis and Deiner
1983) and S strain isolates have been associated with a soil habitat (see Diversity of
Ecological Niches)," Thus. the soil environment may favour conservation of wxin production
and the zenal environment may not. :

In addition 1o high aflatoxin production, reduced virulence to plants is also associated
with the S strain of A. flavus (Couty, 1989a; Conty er al.. 19908). Reduced virulence stems
from failure 10 produce the mos1 active A. flavus pectinase (Couty er al., 19905; Cleveland and
Corty, 1991: Brown er ai., 1992}, Low virulence, stemming from reduced ability to decay
and colonise plant tssues {(Brown er gi., 1991) may imply adaptation to a niche where such
traits are not essential, Thus, high aflatoxin producing ability is associzled with strains
adapted 10 ecological niches where infection of crops is probably no1 essential,

Accumuladon of large quantities of G aflatoxins by A, ngmius, A. parasiticus, and
certain S strain isolates (Hesseltne er gl 1970; Domer e1 gl., 1984; Saito er nl, 1986;
Kurtzman er af.. 1987), but not by other A. flavus isolaies, provides an additional puzzle.
Unique acavites have not-been associated with G aflatoxins. Therefore, it's difficult to
envisage seleclive advantages conferred by rewention of G aflatoxin producing ability.
Production of G afiatoxins may merely reflect slight differences in pathway regulation
(Bhanagar er gi., 1992) or retemion of an ancestral wait.
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SELECTION OF ASPERGILLI ASSOCIATED WITH AGRICULTURE
Strain Selection in the Past

A. fltavus group populations have generally becn altered by agriculture through
. disruption of habitat and inrroduction of nutrients. Production of crops under environmentai
conditions conferring a competitive advantage to these fungi perrmits their rapid increase on
crop resources (QGriffin and Garren, 1976; Lec er al., 1986). Aftcr cropping. large quandties
of crop remnants and debris are incorporated into field soil; additional remnants remaining
after crop processing {from sorting, ginning, paring, shelling, etc.) are also often incorporated.
This organic mater may both be superficially associated with large quantities of A. flavus
group propagules and heavily coloniscd (Stephenson and Russcll, 1974: Griffin and Garren,
1976). Under condilions particularly favourable 1o A. ffaves, most organic debris incorporaled
into the soil can be colonised by A, flavus {(Ashworth er al., 1969). Strains associated with
the crop and debris are diverse and gencrally not deliberately selccied (Bayman and Cotty,
1991). Deliberate seleciion of specific smrains with particular characters has been for
production of enzymes for the Europcan baking industry (Barbesgaard er af., 1992) and for
production of traditional fermentation products in the oricnt (Beuchat, 1978).

Fungal selection has reduced strain toxicity (Kurtzman ef al.. 1986) and increased
fungal wraits associated with both product quality and efficient fermentation (Wicklow, 1982,
1990). Use of thesc fungi over centuries has inadvertently resulted in the release of large
quantitics of spores and coloniscd organic debris (Wicklow, 1990; Barbesgaard er al. 1992).
Such swrain selection and rclease may have alicred A. flaves populations in the vicinity of
induswies and ‘may partly explain srain distibution (Manabe er af., 1976). The validity of
this spcculation might be tested with recently developed techniques to characterise and
compare strucwires of A. flavus populations (Bayman and Cotty, 1991, 1993).

The Potential of Strain Selection

There are no methods for preventing aflatoxin contamination that are both reliable and
economical. To fully proteci crops from contzamination, proccdures must be active in the field
under hot, dry conditions that are no1 very conducive 10 crop development but, often are ncar
optimai for A. flavus group fungi. Controls must be effective during both the crop
development and posi-maturaton phases of contamination cycles. The proccdure must fit
_within agriculture’s economic constraims and for worldwide use, mus: be effective under
suboptimal storage conditions and with low technological input. Furthermore. because most
contamination occurs in damaged seed (which for many crops either cannot be sorted out or
must be used) conwrols must prevent conlamination of plant parts compromised by either
physiological stress-or predation. These are difficull requircments for a procedure directed
at preventing the relatively rare. highly contaminated seed,

A promising avenue of conrol, that may meet the above criteria, is the seeding of
agricultural fields with atoxigenic A. flevis group strains in order 10 reduce toxigenicities of
resident populations {Cotty 19915.1992a). A, flavus does not require aflatoxins 10 infect crops
and production of large quantities of aflatoxins in crop parts docs not increasc either strain
virulence or strain ability to colonise and udlise crop resources (Couty, 1989a). This led to
speculation that applied atoxigenic strains might outcompete toxigenic strains during crop
infection and thereby reduce contamination (Cotty,- 19892 Cole and Cotty, 1990),
Greenhouse and field experiments in which either developing couon bolls or developing com
ears were wound inoculated with various strain combinations demonstrate the potential of
atoxigenic strains to reduce contaminadon (80 to 50%) during crop development (Cotty, 1990;
Brown er al., 1991). Individual crop componcnts arc often coinfecied by multiple A. flavus
strains and couonbolls damaged by pink bollworms are infected by A. flavus strains in
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multiple vegetative compatibility groups at least 50 to 80% of the 1ime (Baymar and Coty,
1991: P.J. Cotty. unpublished). Pink bollworm-damaged bolls contain the majority of
aflatoxins in commercial fields (Cotty and Lee. 1989). Thus, the ability of atoxigenic strains
to interfere with contamination in co-infected bolls may be of real practical value. Atoxigenic
strains reduce contamination by both spaiially excluding toxigenic strains and by competing
-for rcsources required for producton of aflatoxins (Cotty er al. 1990a). However, not all
atoxigenic strains are capable of reducing contamination duting co-infection (Cotty, 1992a);
thus strain optimisation in co-inocuiation tests shouid be pre-requisiie to field evaluation.

ln theory. seeding fields with atoxigenic strains relatively early in crop devclopment
may permit sceded strains 1o compete with other resident strains for crop associated resources
(Coie and Couy, 1990}, The seeded strains may thus increase in popuiation size along with
1oxigenic strains when environmental conditions favour afiatoxin contamination (Cole and
Cotty, 1990; Couy, 1992a,c). At the same time, the atoxigenic strains may compete for
infection sites. In special environmental conwol plots, Dorner er al. (1992) have
demonstrated that A. parasiticus strains which ‘accumulate specific aflatoxin precursors (i.e.
a native strain that accumulatcs O-methylsterigmatocystin and a mutant that accumulates
versicolorin-A) but not aflatoxins, can interfere with aflatoxin contamination when
concentrated propagule suspensions are applied to developing peanuis. Applications resulted
in long term (several years) fungal population changes and support the use of atoxigenic A.
flavus group strains in preventing contamination of peanuts. The most comprehensive field
1ests, to date, have been performed on cotion grown in Yuma County, Arizona. This area has
the most consistem aflatoxin contamination of cottonseed in the United States (Gardner et al.,
1974). An atoxigenic strain was sceded on colonised wheart seed (Cotty, 19924) into a ficld
of developing cotton, prior to ¢rop flowering (Cotty, 19915). The distribution of vegetative
compatibility groups (VCGs) within this field had been detcrmined in previous ycars,
(Bayman and Cotty, 1990) and a strain in a rare VCG was seeded. Five months laicr the
crop was harvested and the distribution of the applied strain on the crop was determined by
mutating isolates 1o nitrate anxotrophy and assessing VCG. Strain seeding resulied in large
and significant reductions in the aflatoxin conment of the crop at marurity and aflatwexin content
was inverscly comrelated with the incidence of the seeded VCG (Cotty, 19915}, Similar tests,
performed in subsequent ycars, also demonstrate that atoxigenic strains applied early in crop
devclopment can partially competitively exclude toxigenic strains and thereby reduce
contamination (Cotty, 1952¢}, this early smain application is associaied with neither increased
crop infection nor increased A, flavus populations on the crop at maturity.

The theoretical advantage of atoxigenic swains of A. flgvies over other microorganisms
that rnight be used to competitively exclude aflatoxin-preducing strains is that atoxigenic
srrains are apparently adapted to similar environmental conditions as toxigenic sirains. Other
potential agenis, such as bacteria (Kimura and Hirano, 1988; Bowen et a/, 1992), may be
inactive under the hot, dry conditions associated with aflatoxin contamination. The use of
atoxigenic smains seeks to limit neither the amount of crop infecdon by the A. flavus group
nor the guantity of these fungi associated with the crop. The procedure merely selccts which
fungi become associated with the crop. Thus, crop guality losses typically associated with
fungal infection (f.e, increased free fany acids) will not be ameliorated. Seeding atoxigenic
soains might not result in increased crop infection because infection is more heavily
dependent on host predisposition and the environment than on the number of propagules of
A, flavus. Indced in three years of tests on cotton, sceding has not resulied in increased
infection ratzs (Cotty, 1992¢), However, under cenain circumstances with sufficiently low
initial A. flgvus levels and sufficiently high seeding rates, increased infection rates in treated
crops might be expected. However, A. flavus typicaily decays predisposed crop components
that, under different environmental conditions, would be infected by other microbes. Thus,

" these infections probably would not be of a magnitude to cause concern.
Populations of A. flavus incrcase on crops very rapidly under conditions favourable
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1o contamination. The ultimate magnitude of the A. flavus group is largely dependent on the
available resources and the environment, Thus. even in areas with perennially low aflatoxin
contamination. high 4. flavus populations can rapidly develop during droughts (Shearer ez al..
1992); the composition of these rapidly increasing populations might be pardally congrolled
by properly rimed seeding.

A. flavus group fungi typically become associated with crops in the field during crop

- development and remain associated with the crop during harvest. storage and processing.
Thus. seeding of atoxigenic smains into agricultural fields prior to crop development may
provide postharvest protection from contamination by associating the harvested crop with high
frequencies of atoxigenic smains. Atoxigenic strains applied both prior 1o harvest and after
harvest have been shown to provide protection from aflatoxin contaminatzion of com (Brown
et al., 1991), even when toxigenic strains are associated with the crop prior to application.

Domestication of A. flavus group fungi for seeding into agricuttural fields may cause
some concem over the pathogenic potential of these fungi to humans (Pore er al., 1970).
Although limaling exposure of high risk individuals to aspergilli will reduce infection risk,
particularly in hospitals, it might be argued that host predisposal is more important in
determining disease incidence than exposure to fungal propagules (Wardlaw and Geddes,
1992; St. Georgiev, 1992; Rinaldi, 1983). In many agricultural industries and communities,
workers and residents respire high concenuations of Aspergillus spores. Clearly such
exposure is undesirable, but such respiration may occur without noticeable disease, This point
is particularly clear for fungal strains used to produce koji and baking or brewing enzymes
(Barbesgaard er al., 1992). In these industries, generations of workers have been exposed
10 very high concenwrations of spores throughout their working years with a very low
incidence of disease (Barbesgaard er al., 1992} . Barbesgaard er al. (1992) argues for A,
oryzae 10 be classified as "Generally Regarded As Safe” (GRAS), pardally on this basis.

Seeding agriculivral fields with select fungal isolates can result in A, flavus populauens
with altered composition, but without increased population size (Cotty, 19915, Cotty 1992c¢).
Thus. seeding may provide the opportunity to improve the overall safery of fungal populations
by reducing human exposure to aflatoxins through both dietary and respiratoty routes (see
Effects of Aflatoxins on Humans and Domestic Animals). The frequency of fungal traits
other than aflatoxin-producing ability might also be attered and. in so doing, fungal virulence
to animals might be reduced or fungal sensitivity to therapeutic agents might be increased
(Cotty and Egel, 1992}, Other fungal traits detrimental to humans nr human activities (..
allergenicity) might alse be minimised and beneficial maits (e.g. zbility to decay crop debris
between planiings) might be maximised. The concept of fungal seeding also applies 1o fungi
other than A. flavus, particularly to other aspergilli. A. fimigatus, a more potent animal
pathogen than A. flavus, is a vety frequent degmader of plant debris (Gandolla and Aragno,
1992). Extremely high concentrations of A. fumigams spores may be associaed with
composting organic matter (Gandolla and Aragno, 1992). I may be possible to select strains
of A. fumigatus. in & manner similar to A. flgvus, in order to opimise both safety and
decomposition.

This strategy of seeding fields with select smins of A. flavus has drawn repeated
controversy and criticism based on the dangers of 4. flavus populatiens (Wicklow, 1993;
Kilman, 1993). However, the e¢hoice presented is not whether or not there will be fungi. The
choice is whether we will determine, through deliberate selection, which strains make up the
popularions. Current agricultural practice does seed fields with very large guantities of
organic matter colonised with A. flavus group fungi. This material is in the form of crop
remnants, gin rash, com cobs, etc. It is common practice to incorporate such materials into

field soils. This differs from the seeding swaiegy suggested here in that seeded strains are
not selected. the quanrity of material incorporated is very large, and incorporation ts not timed -

to give applied strains preferential exposure 10 the developing crop.
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Ecoclogical Significance

The use of atoxigenic strains of A. flavus 1o conrrol aflatoxin production has been
hindered by a lack of information about fungal population biclogy. In many ways this field
lags twenty or thinty years behind comparable studies on animals and plants (Bumeu. 1983):
the best-known fungus in this respect is probably Mewrrospora crassa (Perkins and Tumer,
1988). Dispersal, change in populatien structure over time, and natural selection are poorly
undersiood in fungal populations. This partly results from difficulty in racking individuals
{(McDonald and Martinez, 1991). Interactions beiween conspecific genetic ingdividuals have
nol been widely regarded until recently (Rayner, 1991). Furthermore, studies on one group
of fungi have often umed out to have limited application 10 other groups. All these problems
are complicaied in fungi like the A, flavus group by memendous reproductive and dispersal
abilities, the lack of a knmown sexual stage, parasexuality (Papa, 1984). and m:louc
chromosomal rearrangements (Keller er al., 1992).

During the course of expetiments discussed here, data has been collecied on variagion
in many characters in many natural isolates. Areas have been sampled repeatedly over several
years and known isolates have been intreduced inte fields and their survival and dispersal
followed over the course of years; this has not been done with Neurpspore. This body of
data on how A. flavus genedic individuals survive, spread. and interact. may turn out to be as
inieresting as the biocontrol straiegy it was designed Lo support,

One concept in sustminable agriculture is to “study the forest in order 1o farm like the
forest” {Jackson and Piper, 1989). Understanding dismibuiion, variation, and competition in
fungal populations in nature and agriculture may lead to successful use of this principle.
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Five strains uf Aspergiffirs flovus Yacking the ability tu pruduce afatoxins were examined in greenhouse tesis
fur the ability to prevenl o luxigenic sirain from conlaminating developing cotionseed with aflatoxins, All
atnxigenic strains reduced confamination when inoculaled fnto developing bolls 24 h prior 1o the loxigenic
strain. However, only onic strain, AF36, was highly effective when inoculaled simulaneous!y with the toxigenic
strain. All fve strains were able tu inhibit aflaloxin pruduction by the toxigenie sirain in liquid fermentatiun.
Thus, in vitru activity did nol predict the ability of on aloxigenie sirain to prevent contaminalion of developing
bulls. Therefore, strain selection for competliive exclusion lu prevent aflatoxin contaminalion should include
evaluation of efficuey in developiog crops prior to feld release. Atoxigenic sirains were olso charocterized by
the ability 1o convert several aflnloxin precursoes into oflatoxin B,' Four atoxigenlc slrains falled to convert anv'
of the affataxin bmsynlhclzc precursors to oflaloxins. However, the stroin (AF36} most effective in prevenling
afatuxin contaminalion in developing botls converied olt lesied precursors into aflaloxin 8,, indicating that
this strain made enzymes in ithe oflatoxin biosynihelic polhway. -

Aflatoxing are toxie, carcinogenic compounds produced by
Aspergitius flavus, Aspergithus porasitirus, and Aspergifthes nomius
{17, 21). ARatoxin contamination of various commodities can
oceur asa result of crop infeetion by one of these fungi. Animal
- and humao health concerns about aflatoxin-lainted commod-

ities have resulted in stringent regulations worldwide on afla-

toxin content; these regulations on aflatoxin contamination
have 2 significant international economic impact {26). Afla-
tovin B, originates from a polyketide precursor according to
rhe following scheme (4, 3): potyketide precursor — nor-
solorinic acid — averantin —+ averufunin — Y'-hydroxyversi-

colorone - versiconal hemiacetal acctate —+ versicolorin B

versicolorin A~ denterhylsterigmalOocystin — sterigmatocys-

tin — O-methylsterigmatocystin —+ aflatoxin B,.

Most contaminatiop of corn, cottonsced, and trec nuls is
caused by A. flmus (17). The incidenee of contamination is
largely determined hy the environment, with preharvest can-
tamination heing favored nnder hot, dry conditions (17, 28).
The luck of reliable and practical methods @ prevent contam-

" ination when envirormental conditions are most conducivy (o
A flgvas (13, 28) has resnlted in 2 varicty of new technologies
(8). One such technology is the use of atoxigenic strains of the
cawsil agent (L., strains whieh do not produee aflatoxing) to
prevent contemination through competitive exclusion of toxi-
genie strains during infeetion (6, 10, 12). Cotton has been used
ax u model erop for the development of the atoxigenic strain
strategy hecause (i) there exists an casily manipulated green-
huuse disense model for cotton (24), (i) aflatoxin contuminit-
tion of cottonseed s an intporant cconomic problem (13, 17).
and (fif) cottonsced is grown for fred and not food and may
thus provide un casivr target for regulatory approval of ittoxi-
genic srain use,

* Corregpomding awrhur, Mailing addpess: Sonthern Rygotnnl Re-
warch Center, Agricultural Ruseurch Serviee, US. Dypanmeni of
Agricubure, PO, Bus 19687, Nyw Orlvans, LA 70179-0687, Plione:
131041 2864301, Faxs B3I4) 280415,

Although atoxigenic strains arc known 10 vary in the ability
10 prevent contaminotion of cortonseed by toxigenic strains, all
seven slrains examined thus far showed some effect {12). Lite
else, however, is known about atoxigenic strain characteristics

-und the refation of various characleristics 1o strain efficacy.

In this study, we compared the atoxizenic strain with the
preatest known cfficacy (isolate AF36 [12]) with other previ-
cusly identified, frequeently cited (18, 20, 23) atosigenic strains
with respect 10 the ability 1o prevent toxigenesis both in biyuid
fermentation and during infeetion of developing cotlon bolls.
We have also characterized the atoxigenic strains according (o
the ability 10 produce enzymatic activities in the aflatoxin
biosynthetic pathway. Relationships among enzymatic agtivi-
ties, phenotype stithility, and strain cficacy are discussed,

MATERIALS AND METHODS

Organisms ond nredia, The origins and characteristics of the
A, fleeas strains used in this study have been deseribed {11, 20).
Strain AF36 was isolated by the author {11) and shown to be
very cffcetive at redueing aflatoxin conlamination of develop-
ing cotton bolls (123 strains NRRL-5918, NRRL-3385,
NRRL-3U17, and NRRL-1957 werc supplicd by 5. W, Peterson
of the National Center for Agricullural Utilization Research,
Peoria, . lsofates were maintained and stored as previousty
described (11). Inocula for experiments consisted of suspen-
sions of spores from 7-day-old culturcs grown on 5% V-8
vegetable juice~2% agar, pH 5.2, at 30°C.

Greenhouse tests. Greenhouse tests 10 assess strain efficacy
were performed as previously deseribed (12). Twenty-cight- 1o
3.duy-old bolls were each inceulaled in a single locule
through a sintutaied pink bollworm exit hole made with a cork
borer (3-mm diamceter). Euclt wound was inoculated with a
18-t atiquot of a spore suspausion contining approximately
2000 spores; bolls inovubiied with two struins reccived a 10:pt
aliguot of cach strain. Bolls were inueulutett cithyr with
tosigenic strain AT13 alone, with AF13 and an atosigenie
strain {either AF36, NRRL-3918, NRRL-5563, NRRL-5%17.
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TABLE 1. Effycis of five aloxigenic simins of A, fottis on the
ability of inxigeni¢ sttain AF 3 10 contaminnie developing
eotionsecd wilb afatoxin B,

Tost | T 2
Attsdgenic
ftadn Cunen of afaavin oF ‘Cuncn of aflatosin &
B, Luwgl Change® By lugl’ Chang”

AFM 45C - 5B -8
NRRL-5543 meR -1 Ba NS
NRRL-SHIS 327CB =57 A WS
NRRL-5417 427 CBA NS A NS
NRRL-1937 533 BA NS 86 A NS
Mune” A 3TA .

© 7 Nulies wre avebages ol Tiuon pepliguies in test | ang siy weplicates in test 2.
Values flliwegd by Bl same lefter ate o signilicantly Jilfewent by Fisher's
prostected [ease sipnilicant differenee test,

“ Pereyitt ditference in sflutinin cunient of bulls indeukited with bath Toxigenic
wndl atowigenic aitaing and batlls inuceliied witl the foaigenic sirain slone. NE,
chunge ol shtisticly signilicdng 17 = 1L,

* Planiy were imrcubited wifth the foslgenic sintin AFIR athine.

ur NRRL-1937) simultancously, or with an atoxigenic strain
first and then AF13 alter 24 h. Randomized complete block
designs were used, and experiments were performed ag least
twice.

At muturity {3 weeks after inoculation), bolls were har-
vesled, dried a1 60°C for 3 daws, und kept al room temperature
in plustic bags containing silica gel desiceunt until analyzed for
afiatoxin content. Aflatoxins were exiracied by the method of
the Associution of Official Analytical Chemists {33) as preui-
ously madified {12). Bricfly, intact locks were pulverized and
extruclcd with an 855 agueous-acetone solution. The extraet
was purificd, concentrated, and applied adjacent to aflatoxin
standards on thin-layer chromatography plates. After develop-
menl, the quanity of aflatoxin B, was measured with a
densitomeier wilh fiuorescenee capabilities {33).

In vitro tests and enzyme assays. Erlenmeyer Rasks (250 m!}
eontaining 70 ml of the defined growth medium of Adye and
Mateles (1} wers inoculated with approximately 5,000 spores
of cither an atosigenic or a tuxigenic strain separaicly or in
combinativn, Flusky were incubated on v rotary shaker at 30°C
and 150 rpm for 5 duys, at which time 70 m! of acetone was
added o cuch Mask to kil the culture and solubilize scercred
und cellulur afimoxin. Afier Aliration, cqual volumes of water
were added (o the extracts, the resulting solutions were cuch
exlfacted twice with 23 m! of methylene chloride, and the
extructs were conbined and evaporiied to dryness. The afl-
tavin B, eontent ol the exiracts wus determined by siendurd
thin-layer chrumatography procedores as deseribed ubove,

Enzyme activilies were determined by adding known quan-
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tities of aflatgxin By precursors o fungal evlivres and meusur-
ing conversion of thesc precursors (o aflatoxin B, as previously
deseribed (5, 23). Myeelia {1 g) of either AF36 or NRRL-59I8
from 3-day-old cultergs were transferred (o 10 ml of low-sugar
replucement medium containing either 2.0 g of norsulorinic
acid, 2.0 pg of averantin, 2.0 pg of averufanin, 1.0 pg of
sterigmatocystin, or 0.6 pg of O-methylsierigmatucystin. After
6 h of incebation a1 130 rpm and 37°C, mewbulites were
extracted znd analyzed for aflinoxins. Prevursnr siandarde
were chromatogriphed on the sume plaes @i extracls (@
estublish the presence or abscnee of spiked precursors.

RESULTS

Dyveloping eotton balls inoculated simultincuusly with both
atoxigenic strain AF36 and toxigenie sirain AFLY auntuined
significuntly less afiatoxin B at moturity than bolls invculyted
with AF13 alone (Table 1} During the present siedy, sirvin
AF36 was the only consistently effective atosigenic strain
cualuated. Over the past 5 years we have evaluated AF3A in
severul similar tests for various purposes, All thesc tests
involved at least two treatments: (i} bolls were inoculsied witk
a tosigenic strain alone and {ii} bolls were inoculated simulu-
neously both with the same tosigenic strain as in treatment |
and with AF36. In each of these 16 similar greenhouse (es1s,
contamination by a toxigenic strain was significantly (P = 0.05
by Fisher's least significant difference test) reduced by AF36
{(an average reduction of 95.3%, with a standurd deviation of
5.59%). Two atoxigenic straing (NRRL-3917 and NRRL-1957}
were copsistently ineffective al reducing contumination when
simultpneously inoculated with toxigenie strain AF13 {Table
1}, whereas two other sirains (NRRL-5918 and NRRL-5563)
were effective in only onc test. Qver the past 3 years, strain
MNRRL-5918 was further cvaluated in an additional thrac
similar greenhouse tests in which it was not effective. In liquid
fermentations, however, atoxigenic strain NRRL-5918 greatly
reduced toxin production by toxigenic sirain AF13 (Table 2).
This outcome held for the single test in which all five aloxigenic
strains were (ested and in both tests in which strains AF36 and
NRRL-5918 were tested.

When developing eotion bolls were inoenlated first with an
atoxigenic strain and then 24 h lacer with a tosigenie strain, all
the alovigenic strains were effective at reducing the tosin
conlent of sced at maturity compired with bolls Tnoculited
wilh a toxigenic strain alonc, Usually, bulls treated with an
atoxigenic striin 24 b prior Yo treutmenlt with a roxigenie strain
contained no detzetable toxin at matuerity {Tuble 2},

Two atasigenie strains were characterized by the ability o
remove affatuxin B, prevursors from spiked cultures and
cunvert Lhese precursors to affutosin B, Strain AF36 removed

TABLE 2. Influence of o woxigeic sieains Ul AL ity on loxin production by taxigenic sititin AFLY in eoliure apd in developing
i citllon bolls

Simuliansous intkuliiion

Ptivs {34 k) inoculation of bolly with

Munigenke ststin

Atoxigen In tuliure In cotion tolls
rtrain
Cunen of alaosin B, e Cutnen ol aflaiamin B, G . Cuonen of afawsin B, o
Iue 8) Chunge® [ugig) Change™ uefer Chanpe®
AF3A 7B -7 ig —98 nG =il
NRRL-313 14 B =08 54 A +24 1513 =1l
Nune M A Y A

* Values ote svetages of fur peplicaes, Vordues folluwed by the Sane letier in the ssme culumn are nat sigrilicanily different hy Fisher's praiveied leas signilicant
diffctene iesh, Flasks and cotin bolls inpeukaied with ciiher NORLS918 we AFM alone conrained my detecitble levels of aluroxin B, Lincie of detection, N npfl
® Percenl difference in sfaiwin cunkenl hatween eatments with the msigenic sttain shute and freinwents with buth faxizenit and wunigenic stetins,
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TABLE 1. Coaversion of aflatoxin precursors  aftatoxiay by 3+
day-pld cutiures of A. flavus AFYS

Amtofl © Amiol Amiol. 5

Procupsnr’ precurspr  oBaluxin  aflatoxin ‘,' s oox

Ius? B lugl By lpgt Conecrsian
Noae NI ND ND
Nasiorinic aeid 20 e 0.0 12
Avcraniin 24 0.34 0.05 17
Averulanin 20 {41 0.12 2
Sieripmalogytin Lo 0.43 ND 4L
O:Merthylueripmatucystin B.A .32 ND 58

“ Each precursar warfed in W gl of acclone 1 | g of I-<uy-old {ungal myceli
in hewangad replacement medium. Aller & b of incubatiun 20 37C and with
cunktunt shiking w1300 ppm, melahalites were exvacted and analyzed Gor
“elldordns, No eanveraun wuk detceted with sirain NRRL-5914.

" Eflicicney ulgunvension of metabolites o aflnotin By,

“ WO neae dedected |lmit of delegtipn, Dagh

all 1esied precursors from enliures and converled these Lo
aftuloxin B,. Conversiun efficicney increased with precursor
closeness 1o oflatoxin B, in the aflaloxin biosynthetic pathway
(Table 3). Sirain NRRL-5918 did nol remove any tosled
precursor from cultures and failed lo produce aftaloxin B, in
all spiked cuheres, When no conversion of an introduced
precursor was obscrved, grealer thun 709 of the precursor was
recovered,

DISCUSSION

Applicalion of atexigenic strains of A. flavns to agricullural
ficlds and crops has been suggested as a poleotial method for
preventing aflaloxin contamination (11, 15, 16). in theory, the
applied atoxigenic sirains will lower the polential for aflatoxin
conlamination by competing with aflatoxin-producing sirains
(19, 18). To date, field evalualion of this concept has been
limited. Propagule suspensions of A. pnrasivicas sirains which
do not produce aflaloxins have been applied to peanuts in
covironmenlal control plots in Georgia (18), and auvtoctaved
wheut sced colonized by an aloxigenic strain of A. ffavus hat
been applicd to collon grown in field plots in Arizona (14, 18).
In those studies, strain applications were associaled with both
fungal population changes nnd reductions in the quantity of
allatoxing contaminating the crop at malurily. |n greenhouse
and ficld 1ests, ecrtain alosigenic straing- of A. flavus interfere
with uflaloxin conluminalion of developing crops when these
erops are inoculated simultancously with both 1oxigenic and
atoxigenie strains (6, 12). Collon bolls nalerally infeeicd in
agrieultvirai ficlds become infected with multiple A flany
sitains at high rates (more tin 50% of bolls were infeeted by
multiple strains i one study) (2), and therefore the ablliy 10
inlerferc with cuntaniination during coinfection might be of
praclical imporiunce. The resolts reported here indicate that
nnt all aloxigenic strains are cffective al reducing contaming-
tion under these conditions. Eficacy doring coinfcetion showld

‘be considered an imporlant erilerton when sclecting slrains for

usc in prevenling aRatoxin contamination in commercial ficlds.

The resulls suggest that aloxigenic strains which fail 10
produce certain enzymes in the aflatoxin biosynthesis pathwoy
(e.g, NRRL-5918) may nol be more likely 10 reduce contam-
inution by toxigenie strains Utan aloxigenic strains which do
produce these cnzymes. lndead, strain AF36, which pruduced
many of Lhe cnzymalic aclivilics present in the pathway but did
nol produce aftatoxing, was the most ¢fFective atoxigenic strain
a1 redueing comamination in the present siedy.

‘All four aloxigenic sirains which lacked the ability 1o inhibit
aflaloxin contumination of cotionsced when inoenluled simul-
Luncously with wxisenic strain AFI13 did interfere wiil: con-
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tamination when inoculated 24 h before the 1oxigenie sirain.
These straing may thus be uscful in aflatoxin control siralegics
sceking 1o competitively exclude loxigenic sirains prior 1o erop
infection, providing lhat sirain displacement is very cfficient.
However, beecause of poor compcelifive abitity, aloxigenic
strains may fail 1o prevent allaloxin production by & loxisenic
sirain during coinfeetion of devcloping crops.

Atoxigenic slrain AF36 significantly reduced aflatoxin con-
tamination of devcloping cottonsced In all tests. However. in
one test, ¢ven thoogh the aflatoxin content of the sced at
maturity was redoced by 949, the seed siill conluined 43 pg of
aflutoxin B, per g (Table 1). Thus, crops exposed to conditions
highly conducive lo aflaloxin contaminalion may conlain on-
acceplable contamination levels cven when elfcctive doses of
atoxigenic strains are applivd. However, in mosl cases, a Y04
reduclion in comamination will resull in a commercially useful
cottonsecd crop.

Strain NRRL-5%18 inlerfered with aflatoxin production by
loxigenic strain AF13 in liquid fermentation but nol during
infection of developing colton bolls. Similarly, anthraguinone-
accumulaling mulanls of A. pnrasiticus (19), non-aflatoxin.
producing speeics of the A flarns group (32, 34), and many
other fungi (30) interfere with aflatexin produciion in athure,
The failure of WRRL-5318 lo inhibil contamination during
coinflection of developing collon botls indicales thal in vilro
inlerferenee with aflaloxin biosynthesis is not necessarily re-
lated to the abilily 1o inhibil in vivo. Indeed, lhese resulis
suggest thal the mechanism of in vilro inhibition of aflatoxin
biosynihesis may differ from thal of in vive inhibition.

Cetlain atoxigenic strains of A flarws are known 'to be
unslable and to converl to 2 highly toxigenic phenolype (9, 31).
The stability of the aflatoxin-producing phenotype may be an
imporiant consideration in sciecling strains for use in stralc-
gics 10 prevent aflatoxin contamination through intraspecifie
competilion (6, 10), Neither phenotype described here can be
considered more slable on the basis of current information,
and cach might resull from a single mulalion.

Strmins NRRL-1957, NRRL-5565, NRRL-591?, and NRRL-
538 were previously shown to fack the ability 1o convert O-
melhylsterigmalocystin and sicrigmatocystin Lo aflatoxin B, (23).
The results presenied here confirm those results. However, in the
sume reporl, Lee {23) suggesled lhal production of aBaloxin
biosynthesis enzymes by an aloxigenic strain is characteristic only
of aloxigenic sttains generated in the laboralory and thal such
enzyme-proditing strains are nol slable and may convert (0 2
tasigenic form on introduction Lo a crop. Lee further suggested
Ihit these converted siraing mizhi cause a nct increase in aflatoxin
euntamination, The results of the present study show that thix s
nol the casc. Strain AF36, which produces aflatoxin biosymihetic
enzymes, was isolaled from an agricwltural field and consistenlly
reduced contamination of devcloping contonseed by toxigenic
sirains. Morcover, AF36 hus been phenotypically slabie (hrough
fice scrial single conidium trunsfers and in numcrous mass
Lransfers in our laberatory {(data not shown).

The mechanisms of aloxigenicity of all five atoxigenic strains
remain unknown. None of Lhe evamined strains accumulile
large quantitics of eilher anthrnguinone or xanthone precur-
sors.of aflaloxins, as do cerlain aloxigenic sirains of A. para-
siticus (3), This is expccted becsuse although aloxigenic A.
flvus sirains are moch more common than atoxigenic .
pamsiticus strains, nalurally occurring precursor-accumulating
sirains of A. finvys have nol been deseribed (3). Genes affceting
aflatosin biosynthesis vecur in scveral Hukage groups (27). and
it is unknown which genes or gene clusters are lacking in
NRRL-5918, However, if there is o repulalory gene controlling
overall expression of the aflatuxin biosynthetic enzymes, as has
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been postulaled (7, 21, 29}, a tesion in that gene covld explain
the failore of NRRL-5918 1o produce pothway enzymos,
Motalions in regolalory loci are polential explunations for
aloxigenicity of all the examined strains. Strain AF36 converls
norsolorinic acid, the earticst known aflaloxin precorsar, fo
afiatoxin B,. This suggests thal strain AF36 either is blocked in o
structural gene prior to the desccibed portion of the pathway or is
mululed al & regutatory locus governing incorporalion of acclate
unils inlo the wAaloxin polykelide skelelon. The mechanism of
alosigenicity of AF36 clearly differs from thal of NRR1-5918.

AF36 and similar slrains muy prove 10 be uscfu! lools in the
study of affutoxin biosynlhesis beeavse AF36 produces more
enzyme activilies in Lie afialoxin biosynthelic pathway than any
of the previously identified atoxigenic Slrains of etther A. flanis
or A. primsiticts, Thus, AF36 muy facilitale the identifivation of
new sHaoxin precorsers in (eeding studics as well an fucilitne
stodies of polential interuclions between variovs afiatoxin
precvrsoex. The vse of AF36 in such swudics may prevent the
oceurrence of artifuels cavsed by mode! syslems vsing vpusoal
media to resteict toxin produetion in the presence of puthway
enzymes (33) and may also preclode the need for radiolubeled
precorsors in feeding stodies with vRutoxin-producing siruing
of 4. flarns and A, patrusiticus (4, 5, 23},
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Aspergillus flavus AF36; Amendment,
Temporary Exemption From the Requirement
of a Tolerance

DFO.2002-0093; FRL-7183.4] RN 2070 Aspercifius fdavus AF38; Amendment, Temocrary
Zxemplion Fram the Reguirameni of 2 Tolerance AGENCY. Snvircnmantal Protecicn

Agency (EPA) ACTICN: Final rule. - b b A s
" SUMMARY: This regulalion amends an xisting temperary exemplion from the

i requiremani of 3 'clerance for residues of the atoxigenic microbial pesiicide, Aspeargillus
o flavus AF38 on coiton congistent with (he Experimental Use Permit 88224-2U0P-1, which
T will now aliow for applicztion to coffon in certain counties in Anzena ind-Taxas.
interregicnal Research Project Mumber < (IR-2), cn behalf of the USOA! ARS Sauthern
Ragional Research Center, submitied a peliticn to EPA under the Fadargl Foed, Grug, and
Cosmetic Act (FFDCAY, as amendad by the Food Quaiity Pratacuon Act {(FQPA} of 1526
raquesling he lemoorary (clerance axemption amencmaent. Ths reguiation siimmnaies the
nead 1o estaclish & maxmum sermisable level for resicues of 2spargiius lavus A7 38

The temporary iolerance exemption wiil expira on Dacembper 30, 2002, DATES: Tnis
regulation 1s affective Julv 17, 2002, Obieclions and raguests far heanngs, [dentied oy
deckal i0 aumber QP 220020083, must be racewad oy EPA on or defors Bagtemoer 18,
2002, ADDRESSTS Wetian objeclions ané h2anng racuests may de suomiias oy mail, 0
serson, or oy courler Please follow the delaied nstructcons far 2ach methed as prowviged
1 Unt VUL af the SURBLEMENTARY IMFORMATIONM. To ansurs sroger recsiot oy
vour obiections 2ngd neanng raquesis must idantfy docket il numoer OPP-2002-0062
the subjest line 20 the first page of your respunse. FOR PURTHER iMFORMATION
CONTACT: 8y mal Shenaz Racchus, o/a Product Mapager (PM) 80, Sicpesiicides and
Palivticn Pravenhon Oivision {7311C), Environmentai Protaclion Agency, 1200
Pernsyivania Ave., MW, wWashinglen, OC 2028 telechcne number T03-108-8097;
z-mail accrass: nacchus shanaz@eca cov. SUPPLEMEMTARY IMFORMATION: |
Qaneral Infarmanon & Daes mis Action Agcaiy 10 Me? You may ba affaciad by 1S acticn .f
vou ars an agrcullural arnducer, fong manufaciurer, or gesticice manufacturar Polanuaily
zffectad calegories and anilies may incluce, but &2 not imided !

an - Examiples of Categeries NAICS

jdn )
T,

codes potentialy affected antities - -
industry 111 Croo preduction 162 Animal production 311 Foct manufacinng 32332 o
FPesicide manufgciuring -—-----a-r-m-e-mmemes —~ This lisirg
5 nol intended o he exhaustive, out rather provides 3 guide for reacders ragarcing snihes
likely 10 be affadled by this action. Cther ypes of antities not iisiac in the tatie could afso
28 affaciad, Trne Norh American industnal Classificalion System (NAICS) cades have
sesn provided o assist vou and olhiers in determining whather or not this aclion mrght
2000y 10 SeriEn enuhas. I you nave questions regarding the agclicatiivy of s acticn e 3
nerticular enity, consull e persun isiec ynder FOR FURTHER INFORMATION
COMTAGCT. 8. How Tan | Get Additional infermation, Including Cocies of this Document
and Other Relatz¢ Documenls? 1. Blectroncally. You may oblan slecironic cogies of s
document, and ceram other ralaled documents hat might 2e available alectromcally. oM
the ZPA internel Home Fage 2t attodfwww 20a ovl. Ta accass this [Page 456885
documean:, on the Home Psge select "Laws ang Reguiations,” "Reguiancns and
Sroposad Rutes” and Men lock ug he 2ntry for this decurment uncer the ~ Faderal
Recister—Environmental Documanis.” You can also go Sicactly ©© e Faderal Ragisier
HSHNCs at ndto  weaw 203 coviizcrast. A frequently vocsted afscironic version of 4G CER
ser 180 i3 avaianie al Ann-ieeww SCEESS ¢po qovinaraici
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EPN; Ij'ederal Regisiers Aspergillus tlavus AF36: Amendment, Tempn..  hipuswww.epa.govifadresir EP AP EST;'EOE

cfrhtmi 00/Title 40/40¢fr180 00.nimi, ixmried & beta site currently under

A i

a (¢ [D development. 2. In person. The Agency has established an official docket for this action

(7’\ I under docket 1D number QPP-2002-0083. The official docket consisls of the documents
U speciically referenced in this action, and other information refated to this action, including

any information claimed as Confidential Business Information (CB. Interested garties
should consult both the documents that are physically located in the docket, as wel as the
documents that are referenced in those documents. The public version of the official
docket does not include any information claimed as CBI. The public version of the official
docket, which includes printed, paper versions of any electronic comments submitted
during an applicable comment period is available for inspection in the Public Information
and Records integrity Branch (PIRIB), Rm. 119, Crystal Mall #2, 1621 Jefferson Davis
Hwy., Adtington, VA, from 8:30 a.m. to 4 p.m., Monday through Friday, excluding legal
halidays. The PIRIB telephone number is (703) 305-5805. . Background and Statutory
Authority A. Statutory Authority Section ¢08{c}{2){(A)i) of the FFOCA allows EPA to
establish an exemption from the requirement for a tolerance (the legal limit for a pesticide
chemical residue in or on a food) only if EPA determings that the exemption is ~safe.”
Section 408(cH{ 2} A)i) defines ~"saie” to mean that “'there is a reasonable cerfainty that
no harm will result from aggregate exposure {0 the pesticide cherical residue, including all
anticipated dietary exposures and alt other exposures for which there is reliable
information." This includes exposure through drinking water and in residential settings, but
does not include occupational exposure. Section 408(b}2){C) requires EPA to give special
o " consideration to exposure of infants and children to the pesticide chemical residue in
: establishing a tolerance and to “"ensure that there is a reasonable cerfainty that no harm
will result to infants and children from aggregate exposure to lhe peslicide chemicai
residue. . . " Additionally, seclion 408(b}2}D) requires Ihat the Agency consider
“available information concerning the cumuiative effects of a particular pesticide’s
residues” and ""other subsiances that have a common mechanism of toxicity.” EPA
performs a number of analyses o determine the risks from aggregate exposure to
pesticide residugs, First, EPA determines the toxicity of pesticides. Sacond, EPA axamines
exposure ta the pesticide through food, drinking water, and through other exposures that
occur as a result of pesticide use in residenlial settings. B. Factual Background This
extension of the temparary exempiion from the requirement of a tolerance is associated
with an extension of an Experimental Use Permit (69224-EUP-1), which was granted in
May 1996 to the Southern Regional Research Center, United States Department of
Agriculture, Agriculiural Research Service (USDA ARS), 1100 Robert €. Lee 8tvd., New
Qrleans, LA 70179-0687. Both the temporary exemption from tolerance and the
Experimental Use Permit in Arizona expire December 30, 2003. In the Federal Register of
{March 25 2002, 57 FR 13628} (FRL.-6827- 8), EPA issued a notice pursuant to section
o 408 of the FFOCA, 21 U.S.C. 3463, as amended by the FQPA (Public Law 104-170),
announcing the filing of an amended pesticide tolerance petition (PP 5E4573) by
Interregional Researcn Project Number 4 (IR-4), New Jersey Agricultural Expertment
Station, Technology Center of New Jersey, 681 U.S. Highway #1 South, North Brunswick,
NJ 08302-3380 on hehaif of the USDA/ ARS Southern Regional Research Cenier, 1100
Robert E, i.ee Blvd., P.O. Box 18687, New Qrleans, LA 70178. This notice included a
summary of the petition prepared by the cetitioner, Or. Michael Braverman. It referred to
data previously evaluated and summarized by the Agency as oublished in the Federal
Register of May 26 1898 (84 FR 28371} (FRL-6081-2), and the exiension of the temgorary
tolerance exemption as published in the Federal Register of May 23 2001 (66 FR 28383)
{(FRL-8781-7). The petition requested that 40 CFR part 180.1206 be amended by
esiablishing a temporary exemption from the requirement of a tolerance for residues of
Aspergillus flavus AF36 on cotton in certain counties in Texas in addition to the current
exemotion from temporary tolerance on ¢otton in Arizona. This petition also, requested that
this temporary exemption from a tolerance be extended to December 30, 2003. Several
comments were received in favor of the amendment to allow use of the microbial pesticide
in Texas. The growers were of the opinion that the use of this active ingredient is fikely to
reduce the high leveis of naturally occurring aflatoxin-producing strain. Aspergillus flavus
AF36 has been found at a range of less than 1 1o approximately % in certain regions of
Texas. One comment was received requesting the Agency to re-evaluate the science of
the proposed program and that Ihe risks associated with the use of the active ingredient be
considered before a permanent exemption from 2 tolerance is issued. The main concerns
in this comment wera the requirement for uniform standards in the expression of aflatexin
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‘evels found in e crop, e gractical significance
‘etucing aflzioxin contsmination, and e sig e of 18 Nos! sirass in the sxprassion
of azthogenicity by Asgergilus Alaves. Censidering sach of hesz somts, lirst, the
Commenter rafarrad o ne mixing of units usad o measures afiatoxn centamination. This
camment sgacifically raferrad o the axperimental resesrcher’s recoris, which incluce
measyrament of aflaton lgvals 25 micrograms oer gram of cotionsead rather than e
yoical exprassion of micragrams ger Klogram of cottenseed. |n cata suhmitied oty
Agency, there is no indication (hat the COMDEnNy Was in s or rmigrepresanting the
aflatexin values. In all casas, £PA is carsful o pay closs sTrutiny 10 the unils of measyra in
data they review gnd the impiicatinns made from the sigied values, Secondly, he efficacy
of the pesticidal sroduct to raduce e level of aflatoxn n commarsal Crops was )
questicned in the comments. The Agancy raquires that the compaEny orasant cata io
confirm thair claim 1o controt 2 public heaith hazard. The subrutied data are avalanie o
the public docket and have bean raviewsd. Thesa data ingicata that when Asgergilus
davus AP3B is used, a huigher ercentage of the iraated cemmogily mests, or is iess thar,

Y

he standards of aflatoxin ragquired oy the Food and Drug Administration {(FOA}, anc the

afialdxin centamination in the axpenmental region is lawared. The growers ultimately
decide If.the recucad zflatoxin centamination is werth the ireatment cost, but all cottan and
its by-products sald for foodffaed must meet the FOA aflatoxin standard. {{Page 468886}
Regarding tasting of the atoxigenic fungus, Aspergillus favus AF28, cn strassed or
immunosupprassed species o detect 2ny pathogenic aotential in plants, insacls, or
mammals, EPA's guideline requiramants are designac o address the normal immune
résponse to microtial exposers. These 12sis include non-selffforsign recognition and
‘250unse or clgarance Dy e mmune Sysiem avar ima. ZPA s examining new meihods
hat may adcress the solenual 57 2 MICrele 10 nfact 5ir28sad or mmunocampromisad
NOsSis. In the ilarim, sgeciai measurss have teen inciudad in the sxserimental raatmenis
o reduce exposurs 2o Aspargilus Javes AF3E ouiside of the designatad irzatment arsas.
The axgarimental plan alse recuires extensive datz coilzction o examine the fafe 2nd
sersistance of Asgpergilug Aaves AFI8 25 2 compeoneant of the iccal fungal sopulation
Zxpasurs 1o Aspergllus favis s inevitable, Secauss the fngus normaty 0ceurs 0 He
erardnment. Sivan he ciiguiious nature of varous siraing of Ascergilus flavus, the
srecaunons associated wiln s excenmentdl srogram, dala mdicaung ne undue agversa
nesith affects o west rodent sseces by aral ingestion of Aspergilys flaves AF38, a5 wali as
e currant DA mondoring of allatown fevels, thera is 3 ressonabie certainty of ne narm
rasuiting from the use af the aon- afiarexin-producing fungus, Aspergilus davus AFE. il
Toxicalogical Profile snd Risk Assessment Consistent with section aD8{8}2KD) of the
FROCA, R has reviewad e availabia scientfic dai and other ralevant infermahnn in

subcort of this action ang considarad 45 validity, completeness, and ralizoility 304 the

L

rR{gtionsnip of this informanon 10 BuMman fsk. BRA has aiso consicered avalaole
nfarmation concerning the varizbiity of ine sensitiiiies of major identfiaole subgroups of
cersumers, inciucing infants 2nd children. Sasad on e data and analyses cuttined in the
Faceral Ragister of Mazy 26 1266 (88 FR 28371}, 2nd summanzed oelow, TPA has
conciuded that there is a reasonzdle canainty that no harm will resuli rom agaragate
exgosura i the U.S poculation, including infants and chiicran, to rasidues of Aspergilus
lavus aF28 zrising from the limitad use gattent of the expenmental use permit. This
includes all antiopatad diglary excasuras and all other exgesuras for which there s ralichie
information, 1. Foad. The cullural gractice allows anplication of he microbial gesticide
preblocm o cotton. This grenludes the poiential for dirac! rasiduss of Asgergilius flavus
AF36 ger se t0 remain on the ireated cotion. Only the seed of the ireated commodity,
Zatlon, is fikaly o be arocessad as food lor cotfonsead od. Residues of Aspergilus favs
AF36 or its melabolitas drs likely 10 Be remeved Tom Cauon saad ol dunag s
arecassing. in addition, the data submlled Jemaonsiresiz 2t the sraccsey sirain of
Aspergilies favys AFJE, has a iow oxicity porential, and, therefera, s likely 1o gose 3
minimal (o non-axistent nazard if used s labeled. The zcute oral L0350 of rats reated
gavage for 14 days s greater than 3.000 mg/kg. Furthar, the progesed sirain of Aspergilus
flavus, AF36. doss rot sroduce aflatoxin, Aflataxin is ragulated an the ny-grocucts of
celion By the Focod and Drog Adrministraton. The May 23 200 Federal Register Naucg
also, CIscussas thatl no scdversa affecis wara recorad 0 the aniual regons of the
IxoEnmMantal Lise Sarmt 5522.L.2UF -1, 2nd, in scme .nsiances, aflatmen faveis of cotten

seed wera raduced in reated roton (Mar 230 2001, 38 PR 258383y 2. Dermal exsosure
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l"”\( 5 Nen-ocoupauonal Sermal 2xnosurs ang nisx (g ac u's, nfants snd o Y
] e oestcide 1s usec as iakeled, If the microGe 2xiitls dermal :){;""S[{z,r‘g oroperties which
! 1§ asscciated with {his genus of fungs, me ch_-r:dar-.es ara likaly to maintan disributon near

veated aregs thus o ct:c:’rg nearfy alnsk populatons. To funther minimize 2xposure o
:mmunowmgrom;sec ar sansitive goouiations, infanis and childran, the Agancy coniiness
0 reguirs thal the pesiicide must not he apofed wilhin 2 boundary of A0G fzat of schaoofs.
daycam and health care faciidies “r*c' nosoitals. 3, ‘ni‘eiatécn exosure, Haged on ng
method of 3ppifcau0p 0 the sail of cullivated cetiton fie dS, orabicorn with set houndzares.
nen- cecucatinns! inhalation axoosure and risk 1o human aduits, rhildras and | r:.arns are
likaly to be minimal. 4. Datermunation of safety for U3, pepulation, infants and ahildrs
FEGCA section 408 srovides that EPA shall apaly an addkional tepfala macgin of .Q\CDOSL_-.-::
{safetyl for infants and chidren in the nase of thrashold sfacts 1 acenunt for nrenatal and
pestnatal toxicity and ine “GF.'?';.‘J*E{"’-*“PSS af the data hase uniess EPA determiﬁes naia
different margin of expesura {safety} will be sefs for infants and children. in this instance.
dased an the ahove ;‘Enc’ings EFA nehaves there are reliabie data 1o supgort the
conclusion that thers ara ng threshcid effects of canlcem o infanis, children, and aduits
when Asgergilus flavus AF38 15 used 28 [2eefed, and nat no additionsl margin of
2ApOSUrE IS nacessary. 3. Cumulative effacts, This isthe only microbe in ine genus
Aspergiiius which is in an expenmental use program al this time. Asgergilius species are
naturaily occurring ubiquitous fungi, such that exposure to various spacies is normal, The
cata submitted to the Agency support the claim that Aspergilus flavus AF36 s
non-aflatoxin producing. When applied oricr to fowering, Aspergillus flavus has been
snown o exciude aflatoxin-producing fungt campetitively 7om the develooing ¢rop and t
recucs attatexin contamination of colfonseed. Data show that the grocosed use will nat
r=SUB in appraciable incraases in the long-tarm poguiaton of Aspergillus flavus on the crop
Devond naturally ocournng levels, Furthermore, thare is no expectation of cumulative
affects with other sesticides. M. Other considerations t, Encdecring disruplors. EPA does
?ot have any infcrmation regarding endecring affects of this microtie! pasticide at this tme
2. An aw*'car metheds, Staner culturas ara scrzened on tha basis of vegelative
I‘Cuf"lﬂ"“mlriy with the toxigeric strain. Ascargilus favus AF 38 dees not demonstrate
vagatative comaatibdity with the aflatoxin-oroduaing S sirain. Aflatoxin creduchon is
noUntorsc by 31andard ihin layver chromategraghy U procedurss and wisuaiization g
canning fluorascence densitemetry and there s @ 2210 :s%erance "or affatom., Fuman
Jathogens are reporiad 1o ha within reguiatory levels (May 26 1 4 PR 28271 Traatwed
oottan and its bv-sraducis are scraened for affataxn poor to zﬂtf{}CLCqu‘! o the channsis
of cemmarce FDA goes not gilow cotion sead produdls cantainng aftatoxn atove 20
ﬂa:*s ner il mr {opb) to be used n dagy rations ¢r 20cve 300 ppd o be usad for f28aing
:f“*u le. 3. Cadex maxmum rasiiua favel, TRere s ne codex maximurm rasicus jeveat Ior
sarmbus an i AF38. W Ohjackuns and Hearing Reguess Linder sechion 408{5iof ihe
F ”Cp 35 amended by the FGPA any parsen may file an ablachon 1o 2ny as0act of Tis
feg ulglion and may aiso feguest 2 heanng on ihess sbjections. The ZPA crocedursl
raguigtions which oovar the suomission of objections anc regquests for heanngs acoesr in
AG CFR oart 178, Al hvn_gn ing procecdures o these regquialions reguire some mediicalcn
1 rafient the amendments mada o the [[Page 488871 FFOCA by the FQRA of 1986, 284
witl nontue {0 usa those greceduras, with agpropnate adjusimanis, wntil the necessaf‘;
modifications can te made, Tha rew saction 208(g) provides essentzlly the same grocass
for persons o T obiect” 1o a ragulation for an exemotion from the requirament of 2
olarance issued by EPA uader new sention 4084}, as was providad in the old FRDCA
sections 208 anc 409, Mowever. the genod for fling abjections is now 0 days, rather Hhan
30 days A What Do | Meed to Do 1o Fiie an Oojechon or Reguest a Heanng? You must
file your cojaction or recuest 3 neanng on this / ecui.—;L.Gn in acoerdance with the
nstructons droviced in s oot 3nd i AG SRR gan 178 To ensure procer receint Oy A,
yOU st dentiy nenkeat iD numoer OPP-2002-00%2 in the subysat line on the first pags of
your subrigsion. Al recuesis must be inwrling, and must be mailded or delwerad ¢ the
Mearing Clark on or befora Sepiember 15, 2002, . Filing the reguest, Your objection Si
specify tha spec fic provisicns in the ragulation that you giject i, ang the grounds far
sojections {40 CFR 1T3.23). o 2 heanng 1s requasied, the aogactions must incluce 2
staterment of the facual issies(s) on wnich 2 neanng s requested, the reguesiors
onlentons on such issues, and a summary of any 2uidence ralied upen by the noysctor
@0 CFR 7827 Informanon submitied «n connection with an olechcn of fednng raguas!
may ge clawned sanficensal by marking any pact or alt of thatinformation as CBL
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EPA. Federal Reguster: Aspergitlus flavus AF36; Amendmenr. Tampo...  hitgr wwow.epa.gow fedrgsin EPA-PESTI2002 Jut: Dav-t 751 7360 hem
Information so marked wilt not e disclosed except in acsordance with proceduras set forth

-
A
. ; N
in 40 CFR part 2. A copy of the information that does not contain C81 must be submitied L
for inclusion in the public record. Information not marked confidential may be disclosed V4
pubticly by EPA without prior notice. Mail your written request to: Office of the Hearing
Clerk {1800), Environmentai Protection Agency, 1200 Pennsylvania Ave., NV,
Washington, OC 20460. You may also deliver your reguest o the Office of the Hearing
Clerk in Rm. C400, Waterside Mall, 401 M St., SW., Washingten, DC 20460, The Qffice of
the Hearing Clerk is open from 8 a.m. to 4 p.m., Monday through Friday, excluding legal
holidays. The telephone number for the Office of the Hearing Clerk is {202) 260-4865. 2.
Tolerance fee payment. If you file an objection or request a hearing, you must also pay the
fee prescribed by 40 CFR 180.33(i} or request a waiver of that fee pursuant to 40 CFR
180.33(m}. You must mail the fee to: EPA Headguarters Accounting Ocerations Branch,
Office of Pesticide Programs, P.O. Box 380277M, Pittsburgh, PA 15251, Please ideniify
the fee submission by labeling it " Tolerance Petition Fess," EPA is authorized to waive any
fee requirement “when in the judgement of the Adminisirator such a walver or refund is
equitable and not contrary to the purpase of this subsection.” For addilional information
regarding the waiver of these fees, you may contact James Tompkins by ghone at (703}
305-5697, by e-matt at tompkins jim@eoa.0ov, or by mailing a request for infarmation to
Mr. Tompking at Registration Division {7505C), Office of Pesticide Programs,
: - Environmental Protection Agency, 1200 Pennsylvania Ave., NW,, Washington, OC 20480.
. if you would like to request a waiver of the tolerance objection fees, you must mait your
request for such a waiver to; Jarmes Hollins, Information Resources and Services Division -
{7502C), Office of Pesticide Programs, Environmental Protection Agency, 1200
Pennsylvania Ave., NW., Washington, OC 20480. 3. Copies for the docket. In addition to
fiting an objection or hearing raquest with the Hearing Clerk as descriped in Umit VLA,
you shoutd also sand a copy of your request to the PIRIS for its inclusion in the official
record that is described in Unit 1.8.2. Mail your copies, identified oy dockat |0 number
OPP.2002-0093, to: Public Information and Records Integrity Branch, taformation
Resources and Services Division {7302C), Office of Pesticide Programs, Enviranmental
Protection Agency, 1200 Pennsylvania Ave., NW_ Washingtan, OC 20460. In person or by
courier, bring a copy to the location of the PIRIB described in Unit L.B.2. You may also send
an etectronic copy of your request via e-mail to: c0o-docket@eca.oov, Please usa an
ASCH fite format and avoid the use of special characters and any form of encrypticn.
Caopies of electronic objections and hearing requests will also be accegted on disks in
WordPeriect 5.1/8.0 or ASCII fite format. Do not include any C8Iin your electronic copy.
You may also 'submit an slectronic copy of your request at many Federal Depository
Librartes. B. When Will the Agency Grant a Request for a Hearing? A request for a hearing
. wilt be granted if the Administrator determines that tne material submitted shows the
following: There Is 3 genuine and substaniial issue of fact; there is a reasonable possibility
that available evidence identified by the requestor would, if established resolve one or
maore of such issues in favor of the requestor, taking into account uncontested claims or
facts to the contrary; and resclution of the factua! issues(s) in the manner sought by the
requestor would be adequate to justify the action requested {40 CFR 178.32). Vi
Regutatory Assessment Requirements This final rule establishes an amended exemption
from the temporary tclerance requirement under FFDCA section 408(d) in response fo @
- petition submitted 10 the Agency. The Office of Management and Budget (OMB) has
exempted these types of actions from review under Executive Order 12866, entitled
Regutatory Planning and Review (October 4 1993, 58 FR 31735), Because this rute has
been exempted from review under Executive Crder 12866 due to its tack of significance,
this rule is not subject to Sxecutive Order 13211, Actions Concerning Regulations Thal
Significantly Aifect Energy Supely, Distrioution, or Use {(May 22 2001, 65 FR 28353). This
final rule Coes not contain any infarmation colleciions subject to OM8 aporoval under the
Paperwork Reduction Act (PRA), 44 U.S.C. 3501 et seq., or imgose any anforceable cuty
or contain any unfunded mandate as described under Titte 1 of the Unfunded Mandaizs
Refarm Act of 1995 (UMRA) (Public Law 104-4}. Nor does it reguire any special
cansiderations under Execytive Order 12838, antitted Feceral Actions to Address
Environmenta! Justice in Minority Pootlations and Low-Incame Populations {February 18
1994, 58 FR 7529): or OMB review or any Agency action under Executive Order 13043,
entitled Protection of Children from Environmental Health Risks and Safety Risks {Aoril 23
1997, 62 FR 19885). This action does not invalve any technical standards that would
require Agency consideration of voluntary consensus stancards pursuant o section 12{d} 267
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Transisr ang Acuancement Act of 158492 {MTTAA}_ Public Law
: i 1215 (*[:3 'zJ S 272 notg}. Sirce \orerﬁnces rd 2xempticns thai ars
23 tablish ed an the basis of a settion under FRFOCA section <08(d), such a3 the amencded
maocrary toieranca axemgtion n s final rule, S0 not rac;mra theissuance of a gropossad

ule, the requirements of the Regulatery Flexitiity Act (RFA} (3 L,S.u. A01et seq ) do not
appiy. In addition, he Agency has determined hat this zcuen will net iave ¥ subsianta
direct offect an Stalas, on the raiglonship betwean the natonal government and the
Sza s, or on ihe distribution of sower and responsibilities ameng the various {Fage

6 881 leveis of governmant, as spesified in Exacunve Order 13132, entifed Fecerzlism
{August 10 1829, B4 FR 43285). Sxecutive Order 13132 requires EFA 10 davaiop an
acuoz‘rtab[e arocess o ensure meanngiui and dmely input by Stme and local officigls in
the cevelopment of reguiatory golicies that have federalism im;-iicaho:* * Policies thet
have federalism imolications™ s ¢afinad in the Exaculive Order i include raguigticns that
nave substantizl direct eacis on the States, on ihe relstionshio hatween the national
qovernment and the States, or on the disiribution of power and respensibilities amaeng the
various levels of government" This final rule direclly reguiates growers, focd processars,
foad handlers and food retailers. nat States. This action does not aiter the ralationships or
disinbution of sower and responsibiities estatlisned Dy Congress i the creemoticn
orevisions of FFDCA secion 408(AK4), For these same regsens, the Agency has
determined that this rule dees not have any “lrical imglications” s described in Exacutive
Order 13175, entitled Consuitation and Ceordination with Indian Tribal Governments
{November 8, 2000, 83 FR 87249} £xecutive Order 13173, requiras EPA lo develog an
sccountable process 1o ensura T meaningful and timely input by inibal officials in the
devetopment of regulatary policies that have tribal implications.” “"Policies that have trioal
irmalications” is defined in the Sxacutme Order to inciude regulaticns thathave " "subsiantial
girect effects on one or more indian nbes, on the reistionsiup batween the Federal
Governmeant and the Ingian yices, or on the Jistnbution of power and rasponsiilifies
matwesn hae Sederal Govarrmant 2rd [ndian frives.” This nule will not have substanual
cirect 8ffects an trival governmants, on the reianonship tetwaen the Fecerat Covernment
anc lndian rices, or ¢n the disinbuhan of power and rasponsigiifias "‘ELNGEH the ~aderal
govarnmeai and Indian nbes, 85 t:m:L.kl{EL i1 Exacutive Grder 134173, Thus, T xegutive
Order 13173 does not gpply i© s rule. Vil JULMISSON 10 C"R(‘reb:: and the L_,ar*“,.:r ilar
(Ganerzl The Congressional Review Aat, 3 U 3.C C. 801 at saq., as addad by thg Small
Ausiness Regulatory Enforzemeant Feirness Act of 1888, generally provides that sefore 2
rule may take effect, the agency oromulgating the rule rrust subomd a rule reger, which
inciudes e cogy of the .Lle o each House af ihe uongress and 10 the Comptrailer Generat
af the United States. SRA wil submit a rancrt containing s rule and ather ceguired
nfarrmation o the U 8. Sanate, the U S, House of Representatives, and the Comptidiler
General of the Unijed Sta:es origr 1¢ publicauon of tis fnal rufe in e ~ederal Register,

This H“P[ rule 15 nal @ major rule "as defined by § U.S C 80¢(2). List of Supjents n 8
CFR Part 180 Snvironmantal prolection, Admmiistralive '\rac: ice and orocegurs
Acriculturgl commaditas, Pestiogas and Jes13, Ragoring ans recorékaeping
recuiraments. Dated: June 27, 2002, Janet L. Andersan, Dirgcier, Biopesticides and
Pallution Prevention Dwision, Office of ?—‘QSK iCi de Pragrams. Therefore, 40 CFR chagter 1S
amanded as follows: PART t30--(AMENDED] 1. The aubonry mtatrcr for nart 186
canbiues o read 2s follows: Autherty: 21 U 3 C 323{q), znc 374, 2 Sechon
1500.1208 is revised to read 2s follows: Sec. 180.1208 r«searm [{,s flayus AF38. Asgergilus
flavus AF33 is ternpararly exampt from the raguirement gf a lolerance in ar pn Solon. The
termnporary exemgplion from g talerance will -ﬁm[re an December 30, 2004, sonsigiant wih
the Exserimental Use Permit 583724-2UF-1 {FR Doc. 02-17865 Filec 7-13.02, 8:45 am|
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Effect of Atoxigenic Strains of Aspergillus flavus on Aflatoxin Contamination

of Developing Cottonseed

. J. COTTY. Research Plani Pathologist, Southern Regional Research Center, U.S. Departmem ol Agriculture,
Agricultural Research Service, New Orleans, Lovisiana 70179

ABRSTRACT

Cony, P. J. 1990. Effecr of aloxigenie sirains of Arpergiffus Movus on aflaioxin comaminalion

of developing collonseed. Plam Dir, 74:233.235,

Simulianeous inoeulalion of wounded 38-10 32-Jay-old conon bolls with 1oxigenie and atoxigenie
snains of 4spergiftur flovus led 10 Jower tevels of aftaioxin By 1B} in 1he collonseed 21 maturily
than in balls inoeulaied with the loXigenic sirain alone. S5ix of seven atoxigenic sirdins 1csied
redueed the fevel of comaminalion produced by 1oxigenie sirains. Lesr Bl was derecied when
1he atoxigenic sirain was introdueed imo the wound | day before inocularion with a 1oxigenie
sirain than when aloxigenic and 10Xigenic sirains were coinoculated. In comrasi, 10xin jevels
al malurily were nol reduced when 1he aloxigenic sirain was imirodueed | day after 1he 10xigenie
sirain. Use of an aloxigenie sirain a1 $10-fold higher spore eoneeniration ted 10 significan reduciion
in Bl if the al0xigenie sirain was iniredueed within 16 hr afier the 1oxigenie sirain. Aloxigenie
sirains of 4. flovus may be wseful in biclogical coniral of allaioxin contaminmion.

Aflatoxins are toxic meiabolites of the
fungi Aspergiffus florus Link:Fr, and A.
parasirirus Speare 16). These toxins are
polenl carcinogens that (requently con-
\aminate agrieultural commaditics and
pose a s¢rious threat to humans and
dormestie animals (2. There is great var-
ialien among sirains of 4. flovis in the
quaniily of aftatoxins produweed (5.7):
this quantity is independem of a sirain's
ability 1o infecr and colonize developing
cononseed. Sirains of A. flavus thar do
not produce aflatoxins in developing cot-
onsced can be selecied from fungal
populations in agrienltural fields (5).

AloXigenie sirains of A. flavus may
have potcntial as biological conirol
agents for redueing aflaloxin conami-
narion. Several plant diseases have been
conurolied by applying eertain sirains of
the causal organism. Strains of Pseu-
dotonas syringae van Hall of Erwinig
herbirofo (Lohnis) Dye thal are withou
genes for iee nuelealion ean be used 10
exelude ice-nucleation active sirains and
prevent [rost ingury {10). The eross-pro-
teclion phenomenon has been used 1o
conirol scveral viral diseases (14); non-
pathogenic strains of Fusarium oxy-
sporum Scehlechiend Fr. can compe-
nilively exclude pathogenic strains from
infection courts in eelery {12). Simifarly,
aloxigenic strains of A. flovus may be
able 10 exelude 10xigenie sirains from
conon bolis (5.

The objeetive of 1his study was 1o
evaluate atoxigenic sirains of A. flavus

Accrpled Tor publiestion |5 Scprember 1389,

Thizarticle ;zin the public domain and nol copy-
righlabla. | may ba Ireely roorinled wilh cus.
lomary crediling of Ihe source, The Amarican
Pryiopaihelogicsl Sociely, 1990,

for 1heir ability 10 reduce contaminaion
by aftatoxin B, {Bl) in cottonseed
maturing in bolls inoeulaled with
toXigenic strains.

MATERIALS AND METHODS

Fungal strains and growth conditions.
Sirains of A. flavus were isolated from
agnieuiiural soil and cotionsecd collecicd
in Arizona. The origins and aflaloXin-
producing capabilities of the sirains have
been deseribed previously (5). Strains 13
and 42 produccd large quaniities of
aftaroxins both in culiure and in devel-
oping couonseed: strains 19, 36, 40, 51,
53, 55, and 63 did no1 producc dcteciable
levels (10 ng/fg) (5). Active eultures were
grown in the dark a1 30 C on a medivm
conlaining 56t V-8 juice and 2% agar (5).
For long-term storage, plugs (3 mm in
diameier) of sporulaling eultures were
mainmained al 8 C in 4-dram vials
conlaining 5 ml of disilled waier (41,
inoculum was prepared by suspending
conidia from 7- to i10-day-old eultures
in'disiilled deionized waier.

Infection of developing cottonseed,
Planis of Gostrpium kirninum L. *Dela-
pine %" were grown in a greenhouse in
3-L poiscontaining a 1:1 mixiure of Pro-
mix and sand [4). Planis were fenilized
weekly with 100 mi of 2,000 ppm Miracie.
Gro beginning 3 wk afier cmergence,
Planis were maintained at all times in
complere randomized blocks. Ay 29-31
days afier anthesis, pink bollworm
damage was simulated' in developing
cotion bolls by wounding them onee in
a singlc lock using a cork borer {3-mm
diameier) 1o a depth of 3-4 mm {4.8).
Each boll was inoculated by placing a
10-p! aliquot of an aqueous suspension
of conidia imo the wound (4). Bolls
inoculated with two strains reccived a
18-l aliguot of cach strain.

To determine how coinoculation of
wounds with loxigenic and aloxigenie
sirains allee1s aflaloxin conlaminalion ai
maiurity, each boll was inoculated cither
with approximaiely 20,000 conidia of a
single strain or with 20,000 conidia of
the toxigenic sirain followed immedi-
ately by 20,000 conidia of the atoxigenic
sirain. To evaluaic how prior coloniza-
vion of wounds by aloxigenic or loXigenic
strains affeers (he ability of the toxigenic
strain 10 conlaminate developing cotton-
seed, wounds inoculaicd with one strain
were subscquently (after 24 hr) inocu-
laled with 20,008 conidiz of a second
sirain. To test the ability of an a1oxigenie
sirain to influence boll comamination
afier brief initial infeetion by s 10xipenie
sirain, bolls were inoculared with 2,000
conidia of a toxigenic sirain and then
reinoculated in the same wound site afier
various periods (2, 4, 8, or 16 hr) with
20,000 conidia of an atoxigenic sirain.

in all 1515, bolls were harvesied al
maturity (3 wk aflier inoeuiaiion) and
dried a1 63 C for 2 days. Aler drying,
bolls were kepl a1 room temperaiure in
sealed plastie bags containing siliea gel
desiceant. Treaimenis were replicaled six
to cight 1imes; each replicale consisied
of one or two plants {one 1o three bolis),
Experiments were performed 1wice.

Aflatoxin analyses. The Bl econiem of
inac inoculaled locules was determined
by & modificalion of the method of the
Association of Official Analstical Chem-
ists (13) as previously described (5). In-
tact locks were hammered to pulverize
the secd and added 10 200 mi of acetone
and waler (B5:15). The mixiure was
shaken for 15 sec, allowed to sel over-
night, and then filtered through Whal-
man No. 4 {iler paper. A 106-mi portion
of the filtrale was mixed with 100 mi
of an agueous solution of 0.22 M Zn
{CH,CO0Y; and 0.008 M AICH.
Diatomaceous earth (5 g) was added 10
the mixiure. whith was shaken and left
to seitle for 1-2 hr. The liquid phase was
filtered { Whatman No. 4 filter paper}and
100 mi of 1he filtrale was exiracted twice
with 25 ml of methylene chioride. The
hydrophobic fractions were pooled and
dried; residues were dissolved in
methylene chloride. Bl was purified by
thin-laver chromalography and quanii-
fied with 2 densilometer with fluores-
cence capabilities (13).

Statistieal mnalysis. Analyscs were
performed cither manually or with the
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Sratistical Analvsis Syslem tSAS Insu-  2flatexin in bolls incculaled with the
twte, Ine., Cary. NCiL AN muliple  highly loxigenic strain 13 (Table 2
comparisons were [(irst subjecled 1o Sirain 36 was the most cffeciive al
analysis of variance, Toain values were  limiting contamination by strain 13.
lep-transformed ting v ~ 1} whep  Inoculation of developimg cotton bolls
nevessary o homngenize varanees  with strain 36 alonc usvally resulied in
g treatmenls. aflatoxin-free coltonsced al maturiy.

Treaimenl replicates from two experi-  Howcver, low levels (<50 ng gt of Bl
ments were ranked, and the ranks nere werc occasionally cxtracled from such
subjecied 1o spiii-plal analyses as  sced (doia not shown), )
fpllows, In lesls comparing aroxigenic When bolls were tnoculated with toxi-
sirains, the test was (he main plog and  genic strain 13 and then reinoculated (in
the sirain was the subplol, In tests  the same wound sile afler various lime
gvaluating the effeet of chalienge with  perieds) with 10-fold more conidia of
an atoxigenic sirain afller briel infection  atoxigenic strain 36, they devcloped
by a loxigenic strain, lhe tesl wag the lower aflaloxin levels than bolls inocu-
main plol and the treatmem (no chal-  lated with sirain 13 alone (Table 3). The
lenge or challenge afler 2, 4, 8, or 16 quantily of Bl in cottonseed at maturity
hr) was the subplol. Significant differ-  was significantly (P = 0.03) reduced
ences among Ireatment Means were when siratn 36 was inoculated inlo bolls
delermined with the LSD test for split- up Lo 16 hr after inoculation with strain

plot analyses (11). ) 13 (Table 3).
RESULTS DISCUSSION
Very high cencentrations of Bl were Atoxigenic strains of A. flavus appear

detected in seed from boils inocuiated  to have polential as biclogical control
witlt strain 13 or strain 42 {Table ). agents for reducing aflatoxin contami-
However, sirain 13 produced signifi-  nalion in cotlonseed. Aloxigenic strains
cantly mer¢ (oXin than strain 42, Jn are endemic to agricultural fields and
conirast, bolls coinoculaled with conidia should be equally adapted 1o the hot,
of loxigenic and aloxigenic sirains in dry conditions that faver host coloniza-
cqual proportions had markedly reduzed  tion and infeciion by loxigenic strains.
quantities of Blin their seed at maturity,  Typically, A. flavirs comes in conlacl
The magnitude of the reduction in toxin with ¢rops before harvest and remains
associaled wilh coinoculalion with strain associated with the crop throughoul
36 appeared proportionally grealer with  harvest and slorage {9). Thus, seed can
sirain 42 than with sirain 13 (Table 1).  hecomw conlaminaled with Bl both

The occurrence of allatoxin was pre- before and afier harvest (9). Atoxigenic
venled almost comipletely by intredueing  sirains should be able 10 proliferate
strain 36into wounds | day beforeinocu-  under the same conditions as tuxigenic

lation with an equal quantily of conidia  strains and, once applied tn sufficient
of strain 13 or sirain 42 (Table 1). Seeds  quantity, they should have activily
from bolis inoculaled with a loxigenic proportional to nced throughout lhe
sirain | day becfore incculation wih season and during sterage, These char-
strain 36 contained Bl lcvels equal to geleristics indicale a polential use for
that of seed from boils inoculated with  aloxigenic strains of 4. flavus in a bio-

the toxigenic sirain alone. conlrol sirategy for managing aflaloxin
in both the test of different aloxigenic  contamination,

siraing and the wst of delayed challenge, Populations of 4. flovus in agricul-

the tesl varizble was not significant tura] ficids are composed of sirains that

(P = 0.05), and 11 did not interael with  vary widely in aflatoxin.producing

the treatment variable (Tabies 2 and 3). ability, sclerotial size, and virulence (5).

Consequently, data from the two tests  Aloxigenic strains of 4. flavus also
were pooled for eachexperiment. Inboth - appear to vary in their ability to prevent

cases, the treaiment variable was signif-  aflatoxin comtamination of cottonseed.
icant (£ = (.03). Screcning of field populations of A.
Six of scven atoxigenic sirains sig-  flgvues may result in straing more efficient

nificantly reduced accumulation of at preventing aftatoxin contaminalion,

Table L. Aflatoxin content of cotton botir inoeutatrd with loXigenic and atoxigenic Aspergitfus
Aavur sirsins individually and in combination i

Afizloxin B, contral of rollonseed [ug/g)"
Inerulatrd  Coinorutalrd  (noruialed 24 hr Inoewlalrd 24 hr

Strain Toxigenicily alonr wilh sirain 36 afler sirzin 34 belore strain 36
13 + Tiw bx 0.4z 96w
42 + 17y Gz 00z t5y
36 - Or e

*Limit of deicetion: 10 ng. g Yalues are meanr of cight replicatrs, Means followed by the
same tetter do nol differ significantly 1P = 0.05) by Fisher's least significant difference 1csl.
Data was log-iransfermed before analvsis.
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The nceasional wecurrence of low
levels of aflainxing in btils inoculaled
only witht alpy¥igenic sirain 36 may have
been caused by chanve wireducuen of
& 1oxigenic strain inlo the wounded boll
before or during inoculation Such
introduction is lkely because A, floris
sporulates prufusely on inoculuied bolis
and severa experiments werc performed
stmullaneously in the same preenhonse,
Howcver, we cannal rule out the pos-
sibiltly that some atoxigenic sirans are
unstable orthal some sirains can produce
toxin under ccrizin conditions, Inz given
crop. refalively few sceds conlain large
concentralions of roxin; these scede
typically account for the majority of
toxin within a sample (i). Therefore,
occasional low levels {<X50 ng,/ g) of toxin
produced by biocontrol strains should
not prevenl them Trom reducing these
high aflatoxin levels and being useful in
the management of aflatoxin contamina-
tion, Strain stability, however, should be
an importanl criterion in seleciion of bio-

Table 2. CHeer of various stoxigenie tirains
of Aspergiffus flovus on aflatoxin contami-
nation of cotrenseed by a voxigenic stratn?

Aloxigraie Aflzloxin By
sirain {eg/e]

. wone 66,24 a
53 3547 ah
5t 0.2b
19 12,52 be
55 6.71 be
6} 5.86 be
40 33 e
38 085¢

* Dieveloping cotton bolls were Inoculated first
wilh 1oxigenic sirain | 3 and 30 min (21er wilh
an atoxigeniv slrain,

' Vatuer arc avrrager of eigh! observalions
niade during 1wo lests, Vailes followed by
lie same tetler are nol significantly different
by the LSD 1est for spti-ptot analvses [L1).
Analyses were performed on rankr assigned
1 vatues within 1ests belote analysis.

Tabir 3. Cfiect of chaltenge with an atoxigenic
strain on production of allatexin in devel-
oping coltonseed by a toxigenic strain of
Asperpithur flavig®

Time between inocuialion Aflztoxin B,
and challeuge (br} lugiel
2 1.40
4 1.5¢
4 1.69
16 £.39
Mo challenge 30.35

! Developing cotton bolls were inoculated Girsl
with toxigemc strain {3 and then after vari.
ous periods with a t0-fold grealer guanlity
of conidia of atoxigenic rirain J6.

¥ Values are averages of cight obscrvalionr
made during 1wo losls, Walues for 2, 4, 8,
and 16 br dilfer significgnity (P = 0.05) (rom
no challenge bul nol from cach olfler.
Anatyses were performed on ranks assigned
10 values within 12515 before analysis,
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control sirains. Effons 10 produce ge-
nevicallv aliered strains withow potential
10 produce allaloxins sheould be
¢ncouraged.
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ABSTRACT

In field plol experimenis, an atoxigenic sirain of Aspergilfus
flavus imerfered with preharvest aflaloain contamination of com
when applied cither simuhaneously with or one day prior to a
tosigenic sirain. The atoxigenic strain reduced preharvest afla-
wxin eonlamination 80 © 95%, The atoxigenic strain was also
effective in 1educing postharvest aflaloxin conlamination cauvsed
by boik an introduced lozigenic strain and by sirains resident on
the kemels, The resuhs supgest thal aloxigenic sirains of A. flovus
may have polential use as biological conirol agems direcied al
reducing bolh preharvest and postharvest aflatoxin comamination
of com.

Aflatoxins, toxic metabolites of the fungi Aspergilius
flavus Link: Fr. and A. parasiicas Speare, are polent
carcinogens which pose serious heallh hazards to humans
and domeslic animals because they freguenlly contaminate
agriculwral commodities (4.8). Com grown in the south-
eastern United States is more frequenily colonized by high
populations of A. flavus than com grown in the Midwest,
where most U.8, com is grown (/9). However, the drought
of 1988 created favorable conditions for A. flamvus in the
Midwest, and the Wall Sireet Journal (February 23, 1989}
reperted one-third of lhe crop tesled in lowa and Illinois
contained dangerous levels of afiatoxin. This, according 10
the article, caused greatly increased concern in the U.S,
com industry.

Biological control of several plant diseases has been
demonstrated by utilizing ceriain swrains of the causal or-
ganism (f2,14.f5,20). Strains of A. flavus thai do not
produce aflatoxins have been selected from fungal popula-
tions in cotton and com fields (6./7}. In greenhouse tests,
atoxigenic strains of A. flavmr significantly reduced produc-
tion of aflaioxin B, in coutonsced coinoculated during
development with toxigenic strains (7). Wlien stoxigenic
strains were introduced inte wounded colton bolls one day
prior to the toxigenic strain, even greater control of afla-
toxin was obtained (7). This study provided useful informa-
tion but was carried out in a controlled environment. In
the field, where A. flovus first associates with the crop,
greater biological and environmental complexities exisl.

Also, it.is not known if atexigenic strains influence con-
tamination of harvested crops which already possess comn-
plex microflora and nay be previously infccted with A,
Slavus (10). (n the present study, an aloxigenic strain,
previously idemified and shown effective in greenhouse
tests on cottonseed, was tested for efficacy on corn under
field and storage conditions, A preliminary presentation of
these studies has been made (3},

MATERIALS aAND METHODS

Fungol s\iroins ond growlh conditions.

Strains of A. flovus wilized in this sindy were isolaied {rom
agriculral soil and coitonseed in Arizona {6.7). Strain 13 po-
duced laige quantiries of affaoxins both in culwre and in devel-
oping collonseed, while strain 35 did nol produce deteciable levels
(<19 ng/g) (6). Culwres were grown a1 30°C in the dark on a 5%
V-8 juice, 2% agar medium. Plugs {3 mm in diameler) of sporu-
lating cultures were stoted at 8°C on a long-lerm basis in d-dram
vials containing 5 m} of disiilled water (5,6}, Conidia from 7. 10-
19-d-old culwres suspended in deionized waler served as inocula

7

frucnioiion of developing vorn kernels

Field corn {Pioncer Brand 33562A) planted on 76,2-¢m cci
ters in a siky-loam Lype soil in New Orleans, LA was vlilized in
these eaperiments. Ten d afier the 50% silk siage. each devel-
oping ear was wounded once with a cork borer {3 mm diameter)
10 a depth of 3 mm. Each ear was inoculated by applying 20 ul
of a spore suspension (4.0 & 13* conidiz/ml} 10 a wound.

The tremments were applications of either the tozigenic or
aloxigenic sirzins alone, the loaigenic sirain followed immediately
by the aloaigenic strain o the twexigenic sirain 24 b afler the
aloxigenic strain. Wounded, uninoculated ears were used as adidi-
linnal comrols. Treaimenis were replicaled six times (3 ears/
veplicate) and vrganized into randomized complete blocks. Ex-
periments were performed twice {tests | and 2), Com used in the
first fickd experiment was planted in mid-April and harvested in
mid-July {1989); eom for the second experiment was planied in
varly May and harvesied in early Avgust {1989).

In all experimenis, cars were harvested al maturity and dried
in a forced-air oven al 60°C for 2 d, After drying, ears were kepl
al oom temperalure in sealed plastic bags containing silica gel
desiceant until aflatoxin analysis.
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hwewdating nf harvesterf vieen kernely

Ears hurvested al mowrity from uninoculated portions of the
above tesl plots werc shelled angd thp kemels diied at 60°C for 2
d'in a Torced-air oven, "Aftr drvlngnkernels were kepl al renm
temperajure in sealed plastie bups containing silicy gel desiceant
until used. The initia} moisiure conent of the kemels way deter-
mined according 1o the official method of the American Oil
Chemists Secicty (1),

.Ten g of kermels in 50-m} Etlenmeyer flasks were cither
inoculated with a single fungal strain. or a mixwre (1:1} of the
toxigenic and atoxigenic strains-or hydrated with sterile, deionized
water alone. Conidia for each inoculation, approximuely 4.0 x
10 per strain Iested, were suspended in the amouns of deionized
water needed to bring kemcl moisture content to 22% upon
application. Flasks were subsequenily sealed with Styrofezm plugs.
covered with aluminum feil, and incubated ar 28°C for 12 d. The
contents were then dried in o forced-gir oven at 60°C for 2 d 10
hall fungal activity and prepare the samplc for aflatoxin analysés.
In a sccond set of postharvest experimens, the above protocol
was aliered 1o simulate aspecis of postharvest storage, In these
lcsls all inocolum suspensions and water controls contained a
surfactant {0.02% Tween 80} 10 improve seed coverage. Alter
either inoculation with a single funpal strain or hydration 0 22%
maisture content with deionized water, kemels were incubated for
24 h at 28°C and then dried at 45°C for 3 d in a forced-air oven.
Dried kemels were stored 8 d at 28°C and then rehydrated 10 22%
with gither a suspension of spores (4.0 X 10} of a toxigenic strain
or distitled water. After rehydration, flasks were incubared for 12
d ar 28°C, dried, and analyzed for aflatoxins.

Al} experiments were performed twice and replicated six
times: each replicale consisied of one flask.

Aflatavin analyses

The aflatoxin B, eonient of replicates from both the preharvest
and the postharvest smdnes was determined with offieial methods
of the American Oil Chemisls Society (£). Toxin was ideniified
by thin layer chromatogrephy (TLCY and quantified directly on
the TLC plates with a scanning densitometer with a fluoromeiry
attachment [Mode} €$-930; Shimadzv Scientific Instruments, fnc.,
Tokyo, Japan), In the case of the preharvest tests, each replicate/
sample 10 be analyzed contzined 45 kemels |12 1o 13 g), 15 from

OROWN, CDTTY AND CLEVELAND

cach of three eurs. The 15 kemels were chisen by firs) identilying ™

the kemc} which lined up with the wuund in the hasks. This
"veniral” kernel was then used 10 identily the 14 adjocent kerncls
which vonsisted of one enfumn in the Ielh and right and 1w news
> 1he 10p 2nd bottont.

Staridtival analvsix

Anulyses werg performed with the S{alistical Analysis Sys-
tem (SAS Institute Inc., Cary, NC). Treatment replicates from
cuch experiment were ranked. and ranks were subjected to split-
plot analyses whete the lest was the main plot and the weatment
was the subplot. Differences among trealmen) nicans werc deler-
ntined by the least significam difference test. All muktiple com-
parisons were firs) subjected 1o analysis of variance.

RESULTS

In preharvest experiments. ¢ test variable was not
significan) (P=0.05) and did nol interact with the realment
varizble. This allowed data from both 1es1s 10 be pooled
(Table 1), Very high levels of aflatoxin B, were detected in
kemels from cars inoculated with the toxigenic strain in 1he
ficld. Coinoculation with the aloxigenic strain significamly
reduced B, quantities, as did inoculation with the atoxigenic
sirain 24 h in advance.

Aflatoxin B, levels in kemels coinoculaled wilh the
toxigenic and aloxigenic stmains after harvesi were also
significantly lower than levels dslecied in kemnels inocu-
lated with 1he toxigenic sirain alone (Table I3, Also, as in
the preharvest experimenis, the lest variable was nol sig-
nificant (P=0.05) and did nol interact with the treaiment
variable, allowing dala from both tests 1o be pooled. Sig-
nificanlly less B, was produced postharvest in kemels
inoculaled with the atoxigenic strain alone han in the
vninoculated control.

In postharvest tests where harvested kemels were in-
oculated with the atoxigenic strain before the loxigenic
sirain {Table 1), a significant (P=0.05) imeraciion beiween

TABLE 1. Aflotexin wontenr of rom kerneis wound-inoualated in the fisid or inn-wlated after harvest with aroxrigenic and toxigenir srraing

of A. flavus,
Aflmoxin B, coment of kemels (up/gy
* Prtharves Ponharvesi eoinpculyion Posiharvest prior inocy ilion®

Treaimen Test | Test 2 Cembined Tesi | Test 2 Combined Test [ Tes1 2
Toxigenic 3045 2146 2595 a 16.044 13,538 14,789 2 30385 a 33976 a
Aloxigenie g 0 Se 14 186 100 d 218 ¢ 14,040 b
Control- o 0 Qc 1,046 1,254 i150 ¢ 135 ¢ 6,715 b

uninoculated ’
Aloxigenic® 101 179 M0 b NAd NA NA 5118b 7844 b
before '

loxigenic .
Coineculation 184 n2 548 b 3,509 2628 3269b NA NA

*Values followed by the same lencr are not significanily differcnt by the lcasi significam difference test.
b . . . . . .
Values for replicates from tests | and 2 were not combined because a vignificant interactiun occurred bstween the 1est and Ireatment

variables.

*Kemmels were inoculated with the aluxigenic strain 24 h beforc the Joxigenic strain in preharvest prior inoculation experimenis. 1n
postharvest prior inoculation experiments, kemels were inoculated with 1he atoxigenic sirin, incubated for 24 h, then dried and stored

for 8 d. before inoculation with the toxigenic strain,
“NaA = Not applicable.
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REDUCTION OF AFLATOXIN IN MAIZE 625

the test and trcalment variables occurred. Thus, dala Irom
these 1wo lesls were nol combined. Inoculation wilth the
aloxigenic sirain prior 1o the loxigenic strain significantly
reduced B, in both tesls when compared 1o kerncls inocu-
lated with the Loxigenic sirain alone. In test 1. levels of B,
in the atoxigenic and uninoculaled control Irealments were
significantly lower than in the kemels inoculated with the
loxigenic striin after the atoxigenic strain. However, in 1es1
2. the levels detected in these three reatments did not differ
significantly.

DISCUSSION

Populations of A. flavis in agriculiural fields are com-
posed of sirains that vary widcly in aflmoxin-preducing
ability, and this sbility is apparently unrelaied 10 2 sirain’s
polential 10 infecl and colonize host tissuves (6,7). These
observations suggest that nawrslly occurring atoxigenic
strains may be able 1o oulcompele toxigenic strains during
infcction of developing crops and thereby prevent aflaioxin
contamination {6}, Scveral fungi can inlerfere with afla-
toxin production on artificial media or other sterile sub-
strates (9,13.76). However, the biscomrol polemial of
those fungi 1ested in developing com, grown under con-
urolled conditions, is inadequate in prevenling aflatoxin
production by A. flavus (78). Greenhouse experiments
verified the biocontrol petential of atoxigenic A. flavus
strains on couton (7). Part of the auraction of controlling
aflaloxin contamination with strains of A. flavus relates 1o
the theoretical ability of the atoxigenic strains to be aclive
under the same environmental conditions where A. flavns
loxipenic strains are aclive {7). This abiliry was tested in
the field experiments prescnicd here and the results suggest
this speculation may have merit. The atoxigenic strain of A.
flavus was very effective al preventing contamination of
com under field conditions favoring high levels of aflatoxin
conlamination. . -

The atoxigenic strain uscd in these studies was isolated
from soil collecled in a cotion field in Arizona. There may
be some adaptation of A, flavus strains 1o particular hosts
of regions. If adaptation does exist, cven greater control
could be provided by aloxigenic strains oblained through
the screening of com field populations of A. flavns from
particular growing regions. _

A, flavies comes in conlact with com kemels prior 10
harvest and femains wilh thc crop throuchout harvest,
storage, and even use (/7). The polential for aflatoxin

conlaminalion 1hus exists both before and afier harvest.

{/ 1}y The atoxigenic strain reduced conlaminalion by 76 10
&1% when shelled kernels were coinoculaied with 10xi-
genic and aloxigenic sirains.  Siwrain cfficacy was also
demonstraled in Ihc experiment where dried kemels were
exposed to a simulaed breakdown in storage conditions.
These observations indicale potential use of aloxigenic A,
flavus sirains 10 prevent postharvest infeclion and subse-
quenl contaminalion by toxigenic sirains. In two out of four
postharvest 1es1f, there was a significam decrease in afla-
toxin delected in kemels inoculaled with the atoxigenic
strain, when compared with the unincculaled conirol. This
may indicate postharvesi application of aoxigenic sirains

has potential 1o prevenl postharvest cnnlaminalion of com
by strains associated will: the crop in the ficld, Failure 10
see reductions in all four tests may be due 10 inlerference
from uneontrolled microbial aclivily. Sincc experimégnlal
conditions were designed 10 exclude sterilization, kemel
microflora may havce differed considerably in each lesl.

Very low amounts of aflaloxins were delceled in com
inoculated in the field with the aloxigenic sirain alone.
Toxin was present in only onc replicaie in ong lesl. This
contaminalion may be due 1o chance inlroduction of a
1oxigenic strain endemic 1o the field.

In test 2 of the postharvest prior inoculalion experi-
menl, atoxigenic sirain cfficacy was significanl bui not as
great as in other tests (Table 1). This apparent reduced
efficacy is due 1o a single high value.
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STABILITY OF MODIFIED ASPERGILLUS FLAVUS
COMMUNITIES: NEED FOR AREA-WIDE
MANAGEMENT
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.MNew Oricans, La

Abstract

Aspergifins  flrves, the causal agent of aflatoxin
contamination of eottonseed, is a complex species composed
of many distinct vegetative compatibility groups. lsofates
helonging 10 different vegetative compatibility groups may
produce widely different quantitics of aflatoxins. Some
natwrally occurring isolaes of A, flavrs produce no
aflaloxins. Some of these aloxigenic strains have the ability
to competitively exclude aflatox in-producing strains during
erop infeetion and thereby reduce aflaloxin contamination.
In both greenhouse and fiekd-plot tests atoxigenic strain
efficaey has repeatediy been demonstrated. A fawns
communities resident in soils vary among agriculiural fields
in aflatoxin producing capacity. Field-plot tests sugpested
that applications of atoxigenie strains may provide long-term
reductions in the aflatoxin producing polential of fungi
resident in wreated fietds. Tesis 10 evaluate the fongevity of
chianges 0 A. flaves communities induced by atoxigenie
strain applications were initizgted in 1996 under an
Experimental Use Permit (EUP) issued by the EPA. The
experimenial program oullined in the EUP called for
treatments over a fitree year period (1120 acres w1al) and for
moniloring the A. flawrs community from 1996 through 1995,
Different weaunent regimes were applied to different fields
with some fields receiving treatment only in a single year and
others receiving wreatments in mwltiple years.

Sienile wheat seed colonized by an atoxigenic strain was
applied 10 22 Tields ranging in size from 10 to 160 acres from
1996 w0 1998. The material was applied either by air or
ground at the rawe of 10 tb. per acre, Crops were weated only
once. In order 10 monitor changes 10 tie composition of A.
flavis communities. soil sanples were collected prior to
application each vear. From t996 through 1999 over 8,000
isolates of A. flavws were cullivaled from soil samples Laken
Irom the treatment areas. lsolates were characlerized by
strain and those assigned to the L strain of A. flavas were
further characierized by vegelative compatibility analysis in
order o determine applied sirain distribution.

Oue year after application, atoxigenmic strain incidenee was
greatly inereased and incidence of the Lighly oxigeuie §
sirain was greatly decreased in all weated and many adjacent

Repnnied srom the Procestinge uf the 8elnwisfe Connn Conferency
Voluene |:148. 143 12000y
National Cottaa Caungil, Mermphis TN

148

[O

fields, The applied strain incidence gradually dectined by e
second vear atler application.  However, even with this
decline, the atoxigenie siriin renained in weated ficlds at
levels significantly higher than prior to treatment. The
incidence of the applied strain in fields adjacent 10 reated
fields was varigble indicating possibie directional moveient
of the strain from treated 10 unwreated fields. In some
loeatinns erop and crop stage were appurently inpertant
determinanis of influences beyond trealed fields.

One of three fields weated in 1996 was not suhsequently
treated. Ineidenee of the atoxigenic strain went from 1.8%
priorto weatment to 965 one year aller, 529 two vears atler,
and 479 three years after treatment. Long-lerm influences
en the incidenee of the S strain also oceurred with 2 52%
incidence prereatment and only a 2% incidence three years
after application. Overall, the results suggest that tong-lerm

useful reductions in the allatoxin-producing potential of

fungal communities ear be achieved by awoxigenic strain
application.
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ABSTRACT

Colly, P. I. 1994, influence of field application of an aloxigenie sirain
of Aspergifius flavuy on the populalions of A. ffavus infecling cotton
boiis and on 1he aflatoxin conicru of coitonseed, Phylopathoiogy 84:1270-
1277,

An aloxigenic sirain of Arpergilfus flevus was applied 1o sciis planied
wilh cotton in Yuma. Arizona, 10 assess the abilily of the aloxigenie
strain to competitively exclude zMaoxin-producing strains during cotton
bell infeetion @nd thereby preveni aflalexin cantaminaiion of collonseed.
{n both 1989 and {990. 1he arcxigenic strain displaced olher infeeting
sirains during cowon boil developmenl. Displacemenl was assucialed with
significanl reduetions in 1he quaniily of alzloxins ecntaminaling the erop
at malurity. Although frequency of infeeied locties dilfered beiween years
{1% versus 25050, tn both vears dispiacement oesurred withoul inereases
in the amount of infeciion as measured by 1he guaniity of loeules with
prighl-green-yeliow-fluoreseence (BGYFI. In the jow infeerion year i {990},
iocuies exhibiting BOYF were analvzed indiviguaily for both incidence
of 1he appiied strain 2nd aflalexin conienl. {n 1he high infeclion year

[1989]. infeeled reed from caeh replicale plot {32 o1zl were pooled and
analyzed for borh aflatoxin and incidence of the relersed wrain. Resuits
of 1he latter anafyses indicate an inverse relationship fr = 0.7, # <
0.001) between aflatoxin contenl and Lhe percent seed infected by the
applied strain. in 1990, quantiies of 4. Favies on malure crop surfaces
did nol differ between Irealed and unirealed piols. When reisolaled [rom
the infecied erop Lhe applied aloxigente strun reiained the aloxigenie
phenotype, Most infeciing strains belonging to other vegelative compati-
biiity groups did produce deteetabie quaniitier of aflatoxin B) in liquid
fermentaiign. The appiied aloXigenic strain spread from irealed piols
16 umreaed eantrois al different raies in the 1w vears and accounied lor
7 and 2555 of 4. flavus sirains isolaied from infeeted locules in untreated
conirol plois in 1990 and 1989, respeetively. The resuits suggest thae the
aflatoxin-producing polenital of A. flovis popuiations associated wilh
erop produel ton can be reduced in order 10 reduce aflaloxin comtaminaliorn.

Addirianal keywords: biocompeition, biological conirol, popuiztion dis-
plasemenl.

Aflaloxins are loxic, carcinogenic fungal metabolites produced
by ceriain isolates of the species Aspergillus flavus Link:Fr., A.
parositicus and A. nomiur (37). Concern for human and animal
heaith has led to regulatory limitations on the guantity of afla-
1oxins permitled in (oods and feeds throughout most of the world
{40]. The most 10xic and highly reguialed aflatoxin is B, (40,33).
Aflatoxin contamination has long been a coneern for several .S,
crops and for animal industries that depend on susceptible crops
for feed {33). Whole fouonseed and coulonsesd products are
commonly fed to various livestock, including dairy cows, Afla-
10Xins in contaminated seed can be readily transferred to milk
in slightly modified form {32,35). U.5. reguiations prohibit afla-
Lloxin concentrations over 0.5 pg/kg in milk. Dairies producing
milk tainled with unacceptabie aflatoxin levels can have milk
destroyed and entire operations temporarily shut down and quar-
antined {26). To prevent unacceplable aftatoxin levels in milk,
the regulatory thresheld for aflatoxin B, in eottonseed led 10
dairy cows is 20 ug/ke (32,33).

Populations of the primary causal agent of aflatoxin contamina-

tion of coltonseed, 4. flavus, are highly complex and composed
of strains that differ morphologically, physiologically, and gene-
tically (4.6.14). Differences among sirains in ability to produce
aftaloxins are well known (24) and aflaloxin-producing ability
is not correlaled with strain ability to colonize and infeel cotton,
Gossyprum hirsurum L. (14). These observations led to Lhe sugges-

Tris aniclo 13 in INe public domain gnd nol copysightable, Il may be Irecly
repnnlad wilh cuslomary eregiling ol Ihe source. The American Phylo-
oalholagicol Soclely, 1994,
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lion that atoxigenic strains ol 4. flovus might be used to exelude
loxigenic strains through competition during infection of develop-
ing crops and thereby prevent aflatoxin contamination {i4,20).
In both greenhouse and feld cxperiments, wound inoculation
of developing couon bolls and corn ears with 1oxigenic and atoxi-
genic strains simullaneously led o reductions in aflatoxin con-
tamination of the developing erop pans as compared with con-
trols inoculated with only the toxigenic straing {9,15). Atoxigenie
strains were effeciive at preventing postharvest aflaloxin con- |
1amination both when the erop was infeeted naturally in the ficld
and when inocuiated afer harvest (9). Similarly, inspecialenviron-
mental controi plots, peanuts were prolecied from preharvest
aflatoxin contamination by irrigating the developing crop with
conidial suspensions of A. parasiricus strains that accumulate
specific aflatoxin precursors {ic. O~-methylsierigmatoeystin and
versicolorin-A) but not aftaloxins {25).

Aflaloxin contamination of cottonseed ecan be minimized by
early harvest, prevention of insect damage, and proper slorage
(17,18): However, even under careflul management, unacceplable
aftaloxin levels may oceur lfom unprevehtable insect damage lo
the developing crop {22) or from exposure of the mature ¢rop
‘lo moisture cither prior lo harvest {18), or during storage in
modules {361, handling, transponation, or even use (17). Competi-
tive exclusion of aflatoxin-producing strains of A. flovus with
atoxigenie strains of the same fungal speeies may provide a single
method for preventing aflatoxin accumulation throughout crop
production and utilization {11,14,15.20),

in the United States, aflatoxin comamination of coltonsced
is mos{ eonsistent and severe in the irrigated western desert vaileys
where most conlamination is associated with pink bollworm dam-
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age(17.22). Contamination levels are highly variable within fields,
plants, and even balls (17.22.30} and contamination is often asso-
ciated with bolls cxhibiting bright-green-yellow-Nuoresecnee
{BGYF)on the lint under ultraviolet light {2). BGYF oecurs when
kojic acid produced by A. favus teaets with peroxidases in deve)-
oping ¢otton bolls {31): therefore, BGYF indieates boll infection
by A. flavus prior 1o ball maturity via wounds {i.c., pink bollworm
exit holes) or infestion of partially open botls (18,28). Because
bolls infected through wounds during development accumulare
very high allatoxin levels (13,22}, when BGYF is detceted. most
allatoxin contamination is asso¢izted with the component of the
erop exhibiting BGYF (2.18,36). During seasons when aflatoxin
contamination is s¢vere, A. flavus populations increase as the
cotton crop is produced 129} In theory, application of an atoxi-
genie A, flavus strain early in the season should permit the atoxi-
BCnie ytrain to compete with resident toxigenic strains both during
crop infestion and during population increases associated with
¢ultivation 711). Results of greenhouse studies suggest that the
end result of this competition might be redueed aflatoxin in the
erop (9.15.21). The current study sought to determine cfficasy
of an atoxigenic strain in preventing aflatoxin contamination of
cottonseed produced in an irrigated desert valley in western Anizona.
Summaries of preliminary aspeets of this work have been pub-
lished {16,19).

MATERIALS AND METHODS

Cultyres and inoculum preparation. Atoxigenic A. flavies strain
AF 6. previously shown in greenhouse tests 1o exclude aflatoxin-
producing strains ¢ompetitively during infeetion of developing
¢otion bolls was used in all field tests (15,21], Active cultures
were maintained in the dark al 32 C on a modified V8 vegetable
juice medium (52 agar, 5% V-8 vegetable juice, 2% agar, pH

l = Cantral Ba Wheat trestmaent D = Lpray trestmant
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Fig. |. Ficld ploi design of the 1989 experiment, which contained two
unireated conirols and cight replicaie blocks, Each replicate block was
Fomlong and |} rows wide {} meenters). Wheal = areg where autoelaved
wheat seed colonized by A. floves strain AF36 was applisd: Spray =
area where g conidial suspension o) AF36 was applied; Control = sampling
area for unireaied eontrol. .

5.2) {14}, For long-term storage, plugs |3 mm in diameter} of
sporulating culiures were submerged in 5 ml of sterile distilled
water and kept at 4 C (14).

Two types of inoculum were prodused. Conidial suspensions
were produecd from |4-day-old eultures grown as above. Plates
were flooded with 0.01¢%, wiv, Triton X-10d, the ¢olony surfaee
was agitaled with a rubber policeman to dislodge the spores,
and spore ¢oneentrations wete deterrpincd with a hema¢ytometer.
Suspensions were diluted to 2 X 10" spores;ml in 0.01% Triton
X-104. The second form of inoeulum was autoelaved wheat secd
that had been ¢olonized by AF36 (20). Whole red winter wheat
was purchased from 2 health food store, autoelaved (| h, 120 C).
allowed to set at room temperatere for I8 h, and autoelaved
again. Wheat was dried in culture bottles with Joose caps in a
foreed air oven at 60 C for X days. The wheat was then seeded
with AF36 (approximately 200,000 spores per milliluer) in suffi-
¢ient water to bring the moisture level of the wheat 1o between
20 and 256, (w/w). Subsequently, 220 g of wheat was incubated
in exch 490-cm’ roller bottle (Corning, Ine., Corning, NY) on
a roller drum (5 RPM, 28 C. 7 days). During (his in¢ubation
the fungus grew in the folds of the sced and under the seed soat
but very few or no spores were produced and the appearance
of the wheat remained unchanged.

Field plots. In both 1989 and 1990, at the Yuma Valley Agri-
¢ultural Center near Yuma, AZ, totton {ev. Deltapine 90) was
planted in mid-March (9 March 1989 and |4 March 1990) on
a stlty clay loam sot} in rows on l-m ccnters, In both years,
fields werc furrow-irrigated ¢ight times including a preplant irmiga-
tion. The experimental designin 1989 was a randomized complete
block design aupmented with an additional untreated eontrol anc

IR

- Control [“}=Wheat treatment

L R R I R Y T

L] L =

Fig. 2. Field plot design of the 1990 experiment, which contained only
onc ireaiment and onc untrested control. Each replicate block was 7%
m long and 8 rows wide {| m centers). Wheat = area where autoclaved
wheat seed colomized by A. flavus straia AF36 was applied; Control =
sampling area [or untreated eontrol,

vol. B4, No. 1, 1984 (271
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replicated eight nmes {Fig. ). Each block contained |1 76-m
rows of collon and only the center row was treated. Treatments
were applied to 5 m of row and were separated within Lhe row
by 15 m of untreaied cotton. A second untreated control. desig-
nated control 2, was positioned in the first row of each blogk
tFig. 1. In 1990 the bloeks were reduced to three rows and only
the wheal treatment was used (Fig. 2). The treated arcas were
5 m long and three rows wide and only 1he center row of each
ireatment was sampled. The blocks were separated by wo
nnireaied rows. Treatments in bloeks |, 3, 5, and 7 started 5
m inte the field and were separated by 55 m of unireated cotton;
irealments in replicate bloeks 2, 4, 6, and 8 slarted 25 m into
the field and were separated by 15 m of unireated ¢otton {Fig. 2I.

Fields used in the 2 yr were 1.2 km apart. The field used for
the 1989 test had been planted with cotton for 2 yr immediately
prior 10 the test and a winter fallow was maintained. In both
prior years greater Lhan 15% of the bolls were infested with pink
bollworms and harvest was delaved. permitting pink bollworm
diapause. The average aflatoxin B, eontent of the coltonseed crop
produeed in this field exceeded 1.00) pg/kg in both prior years.
The field used for the 990 test was planted to winter vegetables
immediately prior 10 the lesl. Practices typical of commercial
operations in the Yuma arca were followed except, in order to
inctease both the incidence and the homogeneity of aflatoxin
contamination, insecticidal sprays to control the pink bollworm
were not applied, as previously described (18,22). The test organ-
ism. AF36, was applicd prior to first bloom (24 May (989 and
13 June 1990) when the plants were 30-60 em in height. The
sloxigenic strain was distributed either by spraying plants {spray
treatments) with a conidial suspension (2 X 10° sporesfml at a
rate of 130 ml/m row length) or by spreading eolonized wheat
seed [wheal treatments) on the soil beneath the eanopy at rates
of 110 g and 8.4 g oven-dry weight per meter of row length in
1989 and 1990, respectively. On 14 Seplember 1989 and 25 October
1990, approximately 2 kg of the mature crop per treatment per
replicate was harvested by hand from a continuous segment of
the treated area. All bolls on each plant were harvested, dried
n a forced-air oven at 60 C for 3 days, and stored in sealed
plastic bags at room 1emperature umil analyzed.

Sorting snd quantification of locules infected prior to matura-
tinn. The pereentage of the crop infeeted prior to maturation
was based on the pereentage (by weight) of locules (there were
three to five locules per boll) with BGYF( 14). To reduee variability
among determinations of aflatoxin conient, the aflatoxin contents
of locules with BGYF and locules without BGYF were determined
separately (18). Ln 1989, sceds from the BGYF locules were delinted
with 2 small laboratory gin and sound seeds exhibiting BGYF
on the linters (Small hairs not removed by ginning) were removed
and divided into two ponions, one for aflatoxin analyses and
ane for determination of the incidence of AF36. Ln 1990 there
was a very low incidenee of BGYF locules due to low pink boll-
worm damage. Therefore, BGY F logules were not processed with
a gin. Instead, a single sound seed was removed from cach BGYF
locule for Fungal isolations &nd the remainder of each locule was
analyzed individually for aflzloxin content.

Aflatoxin content of the erop. In 1989, 23.g portions of whole,
ginned cottonseed were pulverized and extracted as previously
described (13,18). Seed was pulverized with a hammer 2nd added
to 20¢ ml of acetone and water {85:15). The mixture was shaken
for 155, allowed 10 set overnight, and filtered through a number 4
Whatman filter paper. A [00-ml portion of the filtrate was mixed
with 100 ml of an aqueous s¢lution of 0.22 M Zn{CH,;COM,
and 0.008 M AICly, allowed to set 1-2 h and filicred again. A
100-m] portion of the filtrate was added to a 250-ml separatory
funnel; aflatoxin extraction and analysis were petformed as
deseribed for culture filtrates. Cotronsecd exhibiting BGYF on
the linters and coutonseed without BGYF were analyzed sepa-
rately. To reduce variability, two separate analyses {25 g of seed
cach} of the non-BGYF secd were performed for each replicale
of ¢ach treatment and the results were averaged to determine
the value for that replicate. For the 1990 test, the same technique
was used as for the 1989 1esi, exeept that infected whole locules

1212 PHYTOPATHOLDGY

{minus the single seed used Lo isolale the infecting sirain) were

‘extracied individually.

Monitoring strxin distribution. The incidence of the vegelative
compatibility group (YCG) of AF36 was determined o infer the
distribution of that strain. To determine which isolates belonged
10 the YCG of AF36, nitrate-nonutilizing {mir) mutanis of each
isolate were genzrated using modifications of e previously
deseribed technigues (5). These medifications yielded s mutants
of ail isolates tested whereas the previous lechnique yiclded
mutants from only 88% of tested isolates. Most fungal isolates
spontancously sectored into nitrate-nonutilizing suxotrophs
within 30 days at 32 C afier being transferred to a well in the
center of the modified selection medium (Czapek-Dox broth
(Difes) with 25 g/ L KCIO,, 50 mg/L rose bengal and 20 gfL
agar, pH 7.0). A few isolates had to be transferred to the selection
medium as many as four times. Auxotrophic sectors were
transferred from the modified selection medium o Czapek-Dox
broth with 15 g/L KCIO; and 20 g/L agar (pH 6.5, 7 days. 32 C)
in order to stabilize the mutants. Mutants were subsequently
grown on 5/2 agar and stored in sterile waier, as deseribed zbove,
until used in complementation tests. Assignment of isolates w
the YCG of AF36 was made on the basis of complcmcnwuon
tests {4) between rrig D™ {deficient in the structural gene for nitrate
reductase) and crx {deficient in a molybdenum cofactor} tester
mutants {characterized by the methed of Cove)(23) of AF36 and
an uncharacterized mir mutant of the isolate to be assigned. Due
to difficulties caused by the conidial nature of 4. flavus and Lhe
instability of some mutants, only one complementation 1est was
perfurmed on each plate. Three wells (3-mm-dia), 2 cm apan.
were ¢ul in a triangular pattern in the center of the medium
(20-25 ml) contained in 9-cm plastic petri dishes. The comple-
mentation medium consisted of Czapek-Dox broth adjusted Lo
pH 6.0 with 2 N HCL, solidified with 2% agar {Bacio-Agar, Difco)
and supplemented after autoclaving with Nitsch and Nitsch
vitamin solution {Sigma) at twice the recommended congentration.
For cach complementation test, one well cach was sceded with
the AF3% tester mutants and one isolate mutant, Complementa-
lions oecurred within 10 days at 32 C. A total of 544 and 166
isolates were assessed with this method for the 1989 and [9%0
tests, respectively.

The isolates used in the vegetative compatibility tests were
abtained as follows. In 1989, 16-12 isolates of A. flovus from
each replicate-treatment {384 total) were obtained from ginned
seed with BGYF linters, In 1990, isolates were obtained from
one séed each of 34 BGYF locules (38 BGYF locules were har-
vested and four did not vield an A. flovus isolate; 16 of the 34
were from whear treatment replicate plots; (8 of the 34 were
from control replicate plots). Seed was wetted with a few drops
of 95¢; ethanol, delioted for 3 min in ¢concentrated sulfucie acid,
washed three times in deionized water (2 min each), surface
sterilized with 95% ETOH for 3 min, plated on the modified
ros¢ bengal medium deseribed under quantification of fungai
populations and ineubated at 32 C 5-10 days. 4. flovus colonics
were transferred 1o 3/2 agar and stored in swerile water, as
described under cultures and inoculum preparation (above), until
used to generate afr mutants. in 1990, 4. flaevus straing resident
onthe surfaces of the maturecrop were also isolated. Threeisolates
pertreatment per replicate (48 votal) were picked from the dilution
plates used to quantify these populations (below), In both 1989
and 1990, strains resident in soils both prior to application of
AF36 and afier harvest of the crop were isolated (iwo isolates
per replicate treatment) from dilution plates used to quantify these
papulations Isee below). To remove bias from colony selection,
diserete eolonies closest to plaie eenters were ¢hosen.

Quantifieztion of fungal populations. Pepulations of A. flovus
in the soil were enumerated both | day before to applization
of treatments and | day after harvest in 1989 and (990, Soil
samples (35-50 g} from the top 2 em of soil beneath the canopy
were taken from eagh treatment-replicate. Two samples (48 woual,
no soil samples were taken from seeond untreated eontrol} were
taken on each date in 1589 and one sample (16 otal) was taken
on each date in 1990. Soils were dry {powdery) at sampling and
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were sealed dry in plastic vials at room temperature until assayed
within | mo. Populations in samples were enumerated by dilution
plating on a modification of 1he rose bengal medium of Bell and
Crawford (7). The modified rose bengal medium econtained the
following per liter: 10.0 g of NaCl, 3.0 g of suercse, 3.0 g of
NaS0,. 0.3 g of KHPO,, 0.7 g of K;HPO,, 0.5 g of M5S0,
TH,O. 0.5 g of KCl, 0.7 mg of Na,B,0, 10H,0, 0.5 mg of
INH )Mo Oy, 4H,0, 10.0 mg of Fey(S30)), 6H;0, 0.3 mg of
CuS0, 5H,0, 0.11 mg of MnSQ, H,0, 17.5 mg of ZnSO, 7H,0,
50 mg of chloramphenicol, 10 mg of dichloran, 25 mg of rose
bengal, 50 mg of sirepromyein sulfate, and 20 g of agar. In 199G,
the quantity of 4. favus superficially associated with the mature
crop 41 harvest was also determined, Samples of seed-coton {25 g)
without BGYF were placed in culture bottles (1 L) containing
250 ml of 0.01%; Triton X-100. Subsequently 1he botlles were
shaken vigorously | min, allowed to setile 5 min and shaken
again. The quantity of A, flavus propagules suspended in the
liquid was then determined by dilution plaie 1echnique on the
modified rose bengal agar,

Aflsloxin-producing phenotypes. An estimate of the speetrum,
of aflatoxin-producing phenoiypes among isolates.infecling the
198% crop was made by determining the ability of infeciing isolates
to produce aflatoxin in liquid fermentation. From each replicate
block, ten isolates in the YCG of AF36 and )0 isolates not in
this VCG (160 isolates to1al) were checked for aflatoxin preduction
in the liguid medium of Adye and Maieles (1) with 3 g/ L NH,S0,
as the nitrogen souree as previously deseribed (21). For cach isolale
approximately 3.5 X 10" spores were added 10 a single Erlenmeyer
flask | 250 ml) comaining 70 ml of medivm. Flasks were tneubated
inthe dark on an orbital shaker (150 rpm) for 5 days, after which
time 70 ml of acetone was added 10 each flask 10 extraer the
aflatoxins {rom the myeelivm. Culture filtrates containing 50%%
acetone (v/v) were filered through number 4 Whaiman filter
paper. Filty milliliters of filtrate was added with an equal volume
of water 10 a 250.m1 separatory funnel and the solution was
extraeled 1wice with 25 ml of methylenc chloride. The methylene
chloride extracts were filtered through 50 g of anhydrous sodium
sulfate to remove restdual water and the sodijum sulfate was ringed
with an additional 25 ml of methylene chloride after filiration.
The rinse and extracts were combined. lhen evaporated at room
temperature, and the residual was dissolved in 4 ml of methylenc
chioride. Extracts and aflatoxin standards (aflatoxins B,, B, G,,
and G} were separated on TLC plates {silica gel 60, 250 mm)
by development with dicikyl ether-methanol-water (96:3:1) (39).
Extracts were cither concentrated or diluted 10 permit accurae
densitometry {34) and aflatoxin By was quantified with a seanning
densitometer after development (model e5-930, Shimadzu

Seientifie Instruments, Ine.. Tokyo] 134). The limit of dclecuan
was | pptkg eulture medium.

Statistical anelyses. Analyses were performed with 1he S1atis-
tical Analysis Sysiem (SAS lInstitme, Ine, Cary, NC) and
Microsoft Exeel. ANOVA was used 10 1251 differences among
treatments prior to application of multiple comparison teehniques.

RESULTS

Incidence of BGYF. /n 1989, there was a greal deal of pink
bollworm damage {over 305 of 1he bolls were infested) and sub-
sequent infeetion of developing bolls by A. flavus resulted in
a high percemage of locules {22 = 2% by weight, Table 1) tha
were positive for BGYF. In 1990, there was linle pink bollworm
damage (less than 5% of bolls were infested) and there were
relatively few locules withk BGYF (0.9 £ 0.1%). In both the 1989
and 1999 tests, the pereentage of iocules infeeted prior 1 boll
maturity (BGYF locules) did not differ significanily (P = 0.05)
among treatments.

Aflatexin content of the erop. 1n both years, BGYF seed from
plots treated with colomzed wheat sced comained significanily
less aflatoxin B, than BGYF secd {rom untreaied conirol plots
(Table 1). The aflatoxin B, content of the BGYF seed was 75-82%
lower than the controls in 1989 and 99.6% lower in 1990, In
1989, 1he quantily of toxin in the seed not exhibiting BGYF was
also determined. Only 2.6%% of the deiceted aflatoxin oaceurred
inseed not exhibiting BGYF and the quantity did not differ signifi-
canily among treatments,

The quantity of aflatoxin B, in the BGYF sced from the 1939
crop was inversely correlated with the pereentage of isolates from
that sced belonging 10 the applied YCG (Fig. 3), Replicate blocks
containing high incidences of the applied VCG had low afatoxin
content and vice versa, Complete analyses were sueeessfully pere
formed on z 1otal of 34 locules exhibiling BGYF on the lint
in 1990, Only onc of 18 locules from which an isolaie belonging
10 the AF36 VCG was isolated conlained detectable quantities
of aflatoxins (Fig. 4). However, aflatoxin was deteewed in 13 of
16 lacules (81%%) {rom which ac isolate not belongingto the applied
VCG (the AF36 YCG) was isolated. Locules from which the
applied VCG was isolated contained signifcantly (2 = 0.05 by
Student’s r-1es1) less aflatoxin than locules from which other VCGs
were isolated (0.2 ug/g versus 659 pgfg). Most locules (63%)
from whick other YCGs were isolaled conigined over 10 ug/g
{Fig. 4).

Strala distrlbutlon. Nitrate-nonutilizing mulants were gener-
awed for all isolaies examined (710 101al). Prior 1o application
of AF36, the tocidence of its VCG in 1est field soils was one

TABLE 1. Influence of a10xigenic Aspergilfis flavus AF36 on incidence of brighu-green-yellow-fiuoresceoce {BGYF), aflatoxin cooment of harvested
seed conon, and incidence of A. flavus strains infeciing and resident on surface of crop

. . . Quamity ol A. fAavus”™
Aflatoxin B, {ug!g)" Lolatea in spplied VCG !%t) o0 harvested crop
BGYF o) 1989 1989 15%0 Infecting isolates®  Surface isolates? (propagules/g)
Trealment' 1939 1990 BGYF Non-BGYF BGYF 1989 1990 1950 19990
Cantrol t 2a° 085a 3908 0.7a At.8a 25¢e Te 4b 28,059 2
Conlrol 2 244 ND 535a 082 ND Be © ND ND ND
Wheat 15a 1432 97% 05a 03b %7 a 1Wa a 23345 x
Spray 2Ha ND 368 a l.6a ND LR ND ND ND

*Controt | =

untrzaled control in the same row as treated plots; Cootrot 2 = untreaied controt separated lrom the row wilh irealed plots by

four untreated rows; Wheat = application of colonized wherl 10 the soi! beocalh the canopy (110 g and 8.4 g dry weight per meler row lengtk
in 1989 and 1990, respectively); Spray = canopy tprayed with 130 mt per taeler of 2 X 107 spores/ml in 0.01% Triton X-100,

! Percent seed-cotion exhibiting BGYF on & wc:ghl basis, Entire locules of seed-colton were sorted inlo the BGYF category. Locules exkibiling
even small amounts of BGYF were considered positive,

* Aflatoxin content is expressed per gram whole weed. Comentr of emiton exbibiting 8GYF and collon not exhibiting BGYF were delermined separately.

* Pereent isolales assigned 10 1he applied vegetative compatibility group {YCG) to which AF36 belongs, on the basis of auxoiroph complementatioo.
Two isolates per replicale per lrezimnent were assessed. NI = not determined.

“Quaniity of A. flavus propagules washed from seed~coiton with 0.01% Triton X-100.

®1solates Irom intema! seedt isolations,

* 1solates from surface washes of seed-collon. Three isolates per replicale per treatment {48 1o1al) were assessed,

' Values &::I avernges of cight replicates, Values followed by the seme Jewer wre significantly different by Fisber's protected LSD tem. NI = not
determin
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of 48 isolates in 1989 and onc of 36 isolates in 1990 [Table 2).
By contrast. the overall frequency of the AF}S VCG within A4,
Sflavus soil populations inereased by harvest (P = (.03 by the
paired r-test) 1042 and 6357 in 1989 and 1990, respectively {Table 2).
However, differences (P = 0.05 by analysis of variance) in the
incidence of the AF}6 VCO did not oceur among treatments
in either year and the YCG occurred in untreated control plots
at a rate of 19 and 565 in 1989 and 1990, respectively {(Table 2),
After harvest, in 1989 the incidence of the applied VCG increased
with distance (R* = 0.77, P < 0.01) from ihe south border of
the test §icld (Fig. 5). A skewed pattern of distribution was not
cvident at harvest in 1990, :
The applied YCG was also a.major component of the 4. favus
population infecting the crop during poll mazuration (identificd
by BGYF)(2.18) (Table 1). Although the applied VCG was isolated
from a greater pereentage of the infected bolls from treated plots
than lrom infected balls rom untreated eontrols, the apptied VCG

a

S sl "

Q

- " it

>

o S X %

8 8L ",

] \\ » =

2 ~ »

E \\ o

f 41 \\

e AR

) b \"q"r *

: o
» !x '\§q

o V%,

& 2 . ™

= Y

o " » ~

31 * * “_\ )

R s
L 1 ! L ! b i L !
10 30 50 70 90

Percont )solates In applled VCG

Fig. 3. Correlztion of the incidence of the applied YCG among irolates
internally infecting BGYF sced in 1989 and the quantity of aBatoxin
B, deieeted within thay seed. Each point represenis the averuge for a
replicate plot {4 tzeatmenis X 8 replicates = 32 replicate plots).

was isolated from portions {25 and 765 in 1989 and 1990, respec-
tively) of infected bolls from untreated ploisin both years (Table 1)
In 1989, the colonized wheat seed treatment resulted in the greatest
level of the applied VTG in the infecting population 167 vs. 454
for the spray treaiment| and, therefore. in 1990 only the colonized
wheat seed treatment was used. In 1990, the applied YOG was
isclated from all bolls exhibiting BGYF and harvested from the
plots treaied with colonized wheat seed. The incidence of the
applicd YCG within populations of A. flavus resident on the
surfaces of seed-cotton at harvest was also determined in 199G,
Seventy-five percent of isolates from seed-coteon surfaces from
plots treated with colonized wheat seed in 1998 were assigned

MWother VCGs
2l applied VCG

Number of locules

L 1 ; i “
05 1.0 50 19 50 100 over
ND 1o 1o ie to o to 500

.89 489 99 49 08 499

Allatexin B, pg/g

Fig. 4. Number of locules exhibiting BGYF and containing various conees-
wrations of aflatoxin B,. One 4. flovus strain was isolated from one sced
of each lotyle and determined to cither belong Lo the applied sloxigenic
VCG or not, through vegetative compatibility tests.

TABLE 2. Population density of Aspergifiur flovis in s0il and incidence of an applied vegeiative compatibility group {VCG)

A. flavus [propagules/ g}

Isclates in applied VCG {%)"

.,._mmﬂ?:f:___, Afier Beflore : After
Treatmem™ 1989 199G 1989 1990 1989 199G 1989 199G
Control 2.979¢ 1,100 4,288 11.038 6 6 19 56
Wheat 1822 - 1,583 48,217 $S858 b] ] &9 9
Spray 5.596 ND 6,408 ND | 9 ND 3z ND

*Control = untreated eoniwrol in the same row as treated plots; Wheat = application of colonized wheat to the soil beneath the canopy 1H9 g

and 8.4 g dry weight per meter row length in 1989 and 1990, respectivelyl; Spray = canopy sprayed with 136 ml per mieier of 2 X 10

ml in 4016, Triton X-100.

spores|

* Percent isolates assigned to the applied YCG on the basir of auxotroph tomplementation. Two o three isolaies per replicate [16 totalfreplicate]
treatment) were assessed. ND = not determined.

»*Before’ samples were taken prior to first bloom on the day prior to treatment application |24 May 1989 or 13 fune 1990} and ‘Afier samples
were taken the day after harvest (14 September 1989 ang 25 Cctober 1990).

*Values gre averages of B replicates. Overall before and afier values differ significapuly (£ = 9.01) for both 1989 and 1998 by the paired r-test.
This holds for both A. flovus propapules/grata and for percent 'spplied YCG. The value denoted by ™" diflers significantly rom other values
in the same column { £ = 0.05) by Fischer's protecied L5D 1est.
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10 the applied VCG on the basis of complementation tests, whereas
only 75 of surface isolates from untreated plots were in the applied
vCG. :

Magnitude of fungal populations. The guantity of 4. flavus
on 1he surface of the seed at harvest was only guantified in 1990,
High eountt of propagules of 4. fMavus (over 20,000 per gram)
were Tecovered fTom seed harvested from both treated and eontrol
plotsin 1990 (Table 1). in 1989 and 1990, soil populations exeeeded
1,000 propagules per gram prior to application of treatments and
increased (P = (.05 by paired r-test] in all treatmerts berween
application and harvest (Table 2). Diffcrences (P = 0.05) among
treatments were detected only in 198% when soils from wheat
treated piots had over {0-fold more propagules after harvest than
did soils from the untreated control plots.

Aflatoxin production by fieid isolales. None of 80 isolates from
the harvested seed belonging to the applied VCG produced detesct-
able aflztoxin B, levels in liguid lermentanon. However, 80%
of isolates not in the applied VCG produced detectable aflatoxin
B, and 65% of these isolates produted greater than 10 pgfg of
culture (Fig. 6}.

DISCUSSION

In 2 yr of field rests in Yuma, Arizona, soil application of
atoxigenic 4. flovus AF36 on colonized wheat seed resulted n
areduced quartity of aflatoxins in the cottonseed crop at maturity
without an in¢rease in the incidence of infection, as measured
by BGY F. Vegetative compatibility analysis of fungal populations
infecting the crops in both years provided evidence that thess
reduetions were associated with displacement of the resident A4,
flovus population by the applied atoxigenic strain. in {989, the
atoxigenic steain was applied by spray. as well as on colonized
wheat seed, but the spray application was not as cffective as the
colonizéd wheat seed in either displacement of the infecting popu-
lation or prevention of the aflatoxin 8, accumulation in the
infected portion of the crop. Greater efficacy of the colonized
wheat seed treatment probably siems from a far greater quantity

|= Control Du Whoeal treatmanlt D: Spray traatmenl!

@ = 1eolate n appliad ¥VCG = lsolale not in VCG

i T
77 66 B5

SH4OmMCE Or@ oo
o- K&THn KoM DX

| |
44 33 22
Distantce {m)

Fig. 5. Disiribution of 1he applied vegerative eompanibility group an harvest
in t98%. Potition of att 4% isolates is indicated. Piedominant windt blew
from rigkt 10 left and the incidence of the applied sirain increased with
intreased dinnance fromihe righ border of the plo1t R =077, P <0.013.

of conidia being released for a longer period of time by the applied
wheat than by the spray application.

The quantity of aflatoxin in plots 1reated with colorized wheat
seed was 75-826% less than in untreated controls in 1989 and
99.6%% less than in 1990, However, the applied VCG was isolared
from 25 and 7% of infected seed in the untreated cortrol piots
in 198% and 1990, respectively. infection by AF36 or coinfection
by AF3}6 and a strain not in the same VOG would be expected
to result in lower aflatoxin levels thar infeetion by most other
V{Gs alone 115,211 Therefore, aflatoxin levels in control plots
were probably lowered by atoxigenic strain applications, and the
controi of aflatoxin B, contamination associated with the appiica-
tion of colonized wheat seed is probably underreprescnted, cspe-

.ciglly for 1989, The correlation between incidence of the applied

VCG and aflatoxin content of infected seed (Fig, 3) may better
describe the impaet of the atoxigenic strain on contamunation.

Although the rate of application of wheal infested with the
biocontro! agent in 1989 was greater than in 1990 (110 g/m row
length versus 8.4 g/m row length), the pereentage of the applied
strain ir infected locules from treated plots was only 676 in 1989
versus (006 in 1990, Lower displacement in ireated plots in 1989
may have resulted from failure to treat rows adjacent to rows
sampled at harvest; in 1996 rows on each side of the sampled
rows were treated. Higher rates of displacement in 1990 with
lower applicotion rates more broadly dispersed may indicate that
useful displacement and associated aflatoxin reduetions ¢an be
achieved with much lower rates uniformly applied over larger
contiguous arcas, .

The incidence of the applied YCG in infected seed from yn-
treated control plots was muck greater in 1989 than in 1990 (25
versus 165}, The crop was treated later with less materialin 1950 ‘
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Fig. 6. Concentrations of aflatoxin B, produced in liquid fermentation
by isolates of A, flovus, not in the applied YCG, from iniernal infeetions
ol seed exhibiting BGYF in 1989, The same quaniity of isotatet in the
applied VOO were alio 1ested bun none of 1hese isolmer produeed dereet-
able quaniities (0.01 pg, gl of cflainxin B,

Vol 84, No, 11, 1934 1275

282




than in 1989 and reduced spread may have resulted-from a com-
bination of lower ingcuium, a larger eanopy at application, and
environmental differences. Bt is surprising that in 1989, even
though oniy 1.2% of the experimental fieid was treated with both
spray and wheat treatments combined (if the amount of wheat
applicd had been dispersed over the entire plot,. the application
rate would have been 6.6 kg/ha), the average incidence of the
applied strain was over 25% at the points most distant from
applications.

There was a low incidence of the applied YCG infecting the
developing crop {7%) and on the surfaces of the mature ¢rop
{4%) in untreated controls in 1990, but a high incidence in the
soil of untreated plots after harvest. This differs from 1989 and
a mechanism for this differemial movement is unknown,

The rate of displacemem by the applied VCG in both years
suggesis initial colonization of developing erops may greatly infiu-
enee which fungal sirains predominate during erop development.
introduction of new, uncolonized resources in the form of a erop
uniformly developing may provide the opponunity for rapid
swings in the cotnposition of cenain fungal populations associated
with crops through colonization and establishment by relatively
few initial strains. This phenomenon of epidemic increases in a
few fungal types may oecur frequently in agricultural fields, Such
ingreases have been observed in unmadified A. flavus populations
{4).

Strain application may increase the guantity of A. flavus
inocuia, at least initially. However, incidence of infection of devel-
oping cotton bolls did not differ between treated plots and un-
treated controls in either year. Predisposition of developing bolls
fi.e., through insect activity) (22| may be a greater determinant
of infeetion rate than the quiniity of inoculum to which the erop
is cxposed. This may be particularly true in the desert valleys
of Arizonz where crops frequently are dusted by soil dispersed
by agricultural activitics and wind. This dust contains large guanti-
ties {at 1imes exceeding S.000 propagules/m’ of air] 29) of A.
Slavus inocula. Furthermore, during the cotion season, very large
proportions of dead and neerotic plant and animal tissue become
colonized by A. flavus {3,38) and these contribute to inogulum
levels. Thus, eoiten bolls produced in these areas beeome exposed
10 large coneentrations of A. flavus inocula,

Overall, 4. flavus populations in the top 2 cm of the soil profile
inereased during the cotton season in both years { Tabie 2). These
population increases oceurred in both treated and control plots
and the applied VCG composed significant portions {19 and 56%,
in 1989 and 199Q. respeciively) of populations in control plot
soils in boih years. in 1989. the population in the soil of plots
treated with colonized wheat contained significantly greater num-
bers of A. flavis propagules than untreated plots at harvest.
Because the colonized wheat was delivered to the assayed sites
3 mo earlier, these differences might be expeeted. 1t is more sur-
prising that in 1990 differences between treated and control plots
were not significantly different. Nutrient sources other than the
applied wheat must fuel A. flavus increases in these surface soils.
Whether strain applications impaet the quantity of A. flavus over-
wintering has not been determined. Overwintering populations
may be determined to a greater extent by colonized organic matter
than by the number of propagules resident ar harvest.

The population of A. flavus on seed cotton surfaces at harvest
in 1990 did not differ between treated and control plots and the
applicd VCG contribuied only a minor portion (4%5) of the propa-
guies in the control plots and most (7525} of the propagules in
the treated piots. It may, therefore, be possible to apply sufficiently
low quantities of colonized matter to exclude resident sirains
without causing overall population inercases. Exelusion appar-
ently oceurted during the A. flovus population increase that
resulted in high propagule tounts (over 20,008 propagules per
gram) on the crop at harvest, Apparently the quantity of the
fungus associated with the crop was dependent on a factor other
than the quantity of fungus present carly in the scason when
the colonized wheat was applied. Resourees available for exploita-
tion by this aggressive saprophyle and environmental ¢conditions
may diciate ultimate sizes of populations resident on the erops
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1o a greater extent than the magnitude of the initial fungal popula-
tion, providing & ecrain minimal level of fungus is present. in
both the 1989 and 1990 tests, over 1,000 propagules of 4. flavus
per gram of soil were present at the time of atoxigenic YCG
application.

1n 1990, aflatoxin was detected in one locuie from which the
applied VCG was isolated. Previous work has shown that many
locules exhibiting BGYF are infected by multiple A. flavus strains
(4) and that locules coinfeeted by toxigenic and atoxigenic strains
comain less toxin (50~ 100 less) than loctles infected by toxigenic
strains alone (15,21). Analyses used in 1990 only permitted detee-
tion of a single infecting strain from cach locule and that strain
was isolated from a seed not used to determine the locule’s afla-
toxin content, The aflatoxin content of the locule in whieh both

. the applied YCG and aflatoxin were detected was probably attrib-

utable to infection by asecond undetected strain 2nd not to conver-
sion of the atoxigenic strain to an aflatoxin-producing phenotype.
Similarly, aflatoxin concentrations in locules either lacking
dewectable aflaroxin or with very low aflatoxin levels, but infected
by strains other than the applied strain tmay be partiaily attrib-
utable to inhibition of toxigenesis by underected coinfection by
the applied strain. Possible conversion of atoxigenie strains 1o
toxigenic strains after application has been suggested by several
critics of the use of atoxXigenic strains to prevent aflatoxin contami-
nation (27). Aflatoxin-producing ability of certain A. flavus strains
has been reported to be variabie in culture (8,10) and cerain
strains apparcatly increase toxigenieity during boll infection {2€}.
In the present study, no instability in atoxigenicity was detected
among B0 isolates of the ap plied VCG from infected seed harvested-
5 mo after strain applieation. This result, and the impact of appli-
cations on crop aflatoxin contents, suggest strain instability was
not a problem during the course of experiments reporied here.
Furthermore, 2 recent study on the rejationship of aflatoxin-
producing ability to vegetative compatibility group suggested that
aflatoxin-producing ability is relatively stable in individual strains
and among groups of strains recently diverged {4). The authors
further suggested that instability noted in previous studies might,
at least in some cases, be attributable to in vitro culture methods.

The use of atoxigenic strains of A. flovus to prevent aflatoxin
contamination is an unusual concept for the prevention of 2 plant
disease problem. Like a few other kiocontrol strategies {12.15},
this strategy utilizes a strain of the speeies that incites the problem
to be contained. However, unlike other strategies, for the atoxi-
genie strains to be effective during infection of the developing
crap, the applicd strains probably need to be at least as virulent
as the strains they are directed at displacing. This may not be
a requirement if strains arc applied during periods in which the
saprophytic habit of A. flavus is dominant. During such periods,
atoxigeniec straing with reduced virulenee might be abie to displace
mare virulent toxigeni¢ strains during saprophytie wilization of
erop and insect debris and thus reduce the incidenece of highly
virulent 10xigenic strains.

Regardiess of the means of intervention employed, there will
be fungi associated with our erops. Dead, weakened, and partially
decayed plant tissues are readily available and it 15 not feasible
to prevent utilization of these resources by fungi. A level of control
over which fungi beeome associated with erops may be permitted
by the seeding of seieet fungal strains into agricultural fieids in
a manner similar to the seeding of plants. Such strains may be
selected for adaptation to the crop ceosystem, redueed quantities
of traits detrimental to human activity, and in¢reased traits con-
sidered beneficial. This process of fungal domestication may
permit minimization of certain problems caused by fungi (i.c..
mycotoxin contamination) and optimization of beneficial fungal
traits {i.e., degradation of ¢rop debris). This is most likely to
suceteed where an undesirable fungal trait (e.g., mycotoxin produc-
1on) is not necessary for fungal growth and muitiplication on
the crop or other substrate. However, many plant pathogenic
fungi have large saprophytic phases. Deliberate introduction,
during rotations to nonsusceptibles, of isolates with reduced
virulenee but greater saprophytic competitiveness may permit
reductions in pathogenie potential in a manner similar to that
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in which the reductions in aflaloxin-producing polznlial were
achieved in Ihe currenl sludy.

2
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ABSTRACT

Cony, P. J, and Bayman, P. 1993, Competitive :xélusion of a 10Kigenie strain of Ampergiflus flovus by an atoxigenic strain. Phylopathology 83:1283-

1287,

Several experiments were employed 10 1e51 the role of eompetition in
the ability of an atexigenic strain of Aspergifius flovus 10 inhibit the
aflatoxin tontamination of developing eotton bolls. Ininitial 1esis, nitrate-
nenttitizing mutant1 were uied 1o follow seed infeetion by Lexigenic and
atoxigenie strains of A. ffavus in coinoextaied bolls. Competitive € xelusion
was lound to contribule 1o the effeel of the atoxigenie strain on contaming-
tion, but rewults sugpested a steond mechanism may also have been in
effeer, Allatoxin ¢entamination by the Loxigenie strain was similarly inhib-
iled By an a1oxigenic strain in vivo and in liquid lesmentation, and the
atoxigenie strain wai equally effeerive when applied at 1pore coneentra-

rions eitner ¢qual 10 those of the texigenit stsain or ene-half thoie of

tne roxigenic strain, The atoxigenie strain reduced silatoxin produetion
in vino when myeeliat balls of the two strains were mixed afier & 48-h
fermenistion period, which suggenied that €loie intefiwining of myeelia
wal not required and thar aflatoxin biosynihesis coutd be interrypted
even after initiation. The atoxigenie stiain did not degrade allatoxini
i vitro, and both eulture filirates and myccliat extiaels of the atoxigenie
strain stimulsted allatoxin production by 1the toxigenie strain. The results
suggest (hat the atoxigenie strain may interfere with the contamination
protess both by physically exeluding the toxigenie sirain during infeetion
and by competing lor nutrienir required for aflatoxin biotynthesit.

Afatoxins are (oxic, carcinogenic fungal metabolites that oceur
in foods and feeds worldwide (25), Health concerns and regula-
tions that limit the uses of contaminated commodities greatly
influenee the profitability of several important crops in the United
Siates. (25). Aflatoxins are produced by Aspergifius flovus
Link:Fr. and A. parasirirus Speare when these fungi infeet and
decay either developing or mature erops (17). Conventional methods
for the prevention of contamination are not reliable on 2 commer-
cial scale for any of the crops affccied; this has resuited in several
allempts to develop novel control methods (9}, One sueh method
1s to displace toxigenic strains of A, flovus from agricultural ficlds
with strains of A, flavus that do not produee aflatoxins (aioxigenie
strains) (19). This strategy is possible because of the great diversity
of phenotypes of A. flavus in agricultura fields and the common
oceurrence of atoxigenic strains (13,18). Furthermdre, toxigenicity
is apparently unrelated to 2 siratn’s abiliy to colonize andfor
infect living or dead plant tissues (13). These observations led
us Lo speculate that atexigenic sirains might be adapted to condi-
tions that faver aflatoxin contamination, and therefore atoxigenic
strains might be used 1o displace toxigenie strains (13,14). In
theory, compelitive exclusion of toxigenic strains from erops
might reduee the overall toxigenicity of A. flovus popuiations
and might even interfere with the contamination process on an
infection-by-infection basir (8,10,14).

Aflatoxin contamination of collonseed is severe in the desert
valleys of Arizona and southern California, where most aflatoxin
oceurs in secd from bolls damaged by the pink bollworm (15).
Several atoxigenic strains of A, flovus isolated from agricuhural
itelds in Arizona can reduce the aflatoxin contamination of devel-
oping colton bolls caused by toxigenic strains (14). 1n the previous
cxperiments, the atoxigenie strains greatly reduced conamination
when inoculated inte developing bolls cither prior to or simulta:
neously with toxigenic strains. In those studies, however, 1t was
not clear whether the atoxigenic strains prevented contamination

“by physically excluding the toxigenic strains from infeeted tissues
or by direelly inhibiting toxigenesis. The studies deseribed here

Tuls articls is In ne publie ¢omain end not copyrigniable. (L may ba treely
reprinted with customary crediling of ie sowee, Trne Ameilean Privio-
pelrclogical Socinly, 1993,

sought a better upderstanding af the mechanism through which
atoxigenie strains reduee contamination of developing bolls,

MATERIALS AND METHODS

Fungal isolates and mutanis. A. flavus isolates AF36 and AF13
collected from the Yuma Valley of Arizona and previously shown
to be pathogenic 1o cotlon were used in all tests (13} AF36 is
atoxigenic and reduces aflatoxin contamination caused by the
highly toxigenic AF13 (14). AF36 and AFi3 were previously
shown to belong 1o different vegetative compatibility groups {3).
Cultures were maintained at 3§ C in the dark on 5/2 agar (5%
V8 vegetable juice, 2% agar adjusted to pH 5.2 prior to auto-
claving) {13). For long-lerm storage, plugs of sporulating eultures
were submerged in-sterile distilled water and maintained al 8
C{3.

Two different mutants of both AFI13 and AF36 were isolated
on Crapek-Dox {CD) agar supplemenied with chlorate as pre-
viously deseriped {2}, Mutants were maintained in the same
manner as the wild 1ypes and characterized by the method of
Cove (16). Onc mutant of cach isolate was deficient in the struc-
wral nitrate reductase gene, areD” mutant, and the other was
delective in the pathway speeific regulatory gene, nirA.

Greenhause tests. To determine isolate behavior, developing
cotlon bolls were inoculated through stmulaied exit holes of the
pink bollworm as previously described (13), Gozsypinm Aiesurium
¢r, Deltapine acala 99 was grown in 3-L pots containing a 50:50
mixiure of Pro-mix (Premier Brands Ine., New Rochelle, NY)
and sapd. Planls were fertilized weekly with about 180 ml of
2,000 ppm 15-30-15 fenilizer, Flowers were dated at opening.
Bolls 29-31 days old were wounded in a single ocule with a
cork borer (3 mm in diameter) and inoculated with 20 pf of an
aqueous sporc suspension of cach isolate ested. Spore concentra-
tions and number of boils per treatment arc indicated below for
each experiment. After bol! opening (about 45 days after flower-
ing), bolls were picked, dried in a forecd-air oven at 45 C for
3 days, and slored al room temperature in plastic bags containing
stliea gel desiccant,

TFo determine whether the AF13 miafd” mutant retained wild-
type ability lo infect and contaminate developing eattonseed with
aflatoxins and whether the riel3” mulant of AF36 retained wild-
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type ability to interfere with contamination, wild types and
mutants were compared in an initial test with six treatments and
three replicates. [n four of the treatments, each boll was inoculated
with 10,000 spores of either wild types or mutants of either AF13
slone or AF36 alone. In two of the treatments, sach boll was
inoeulated with 10,000 spores cach of cither mutants or wild types
of both AF13 and AF36. After the initial test demonstrated that
wild types and mutants behaved stmllarly, the following tests were
performed with the nia 07 mutants alone in order to assess compe.
tition between the two strains during boll infection. Bolls were
inoeulated with 5,000 spores of the nig D™ mutants of isolate AF13
alone, isolate AF36 alone, or both isolates AF13 and AF36, Tests
were randomized and replicated three times, Replicates consisted
of two bolls cach; the noculated locule from one boll of eath
replicate was analyzed for aflatoxin content, and the inoeulated
loeule from the second boll was used for fungal |solauons This
test was performed three times.

In greenhouse tests used to compare in vivo activity with in
vitro activity, bolls were inoculated with wild-type strains. [n the
four treatments, bolls were inoeulated with 13 10,000 spores of
AF13, D) 10,000 spores of AF36, 3) 10,000 spores cach of both
isolates, or 4) 10,000 spores of AF13 and 5,000 spores of AF36,
Loeules from this cxperiment were analyzed only for aflatoxin
content. Treatments were randomized and replicated four times;
eath replicate consisted of a single inoculated boll, and the experi-
ment was performed twice.

Funga! isolations and isolate identlfication. [solations from seed
were made to determine the relative suceess of AF36 and AF13
in infecting developing cottonseed in coinoculated locules. Seeds
were manually scparated from the long lint fibers, wetied with

" 50¢ ethanol, delinted, surface-sterilized in coneentrated H,50,
for 2-5 min, rinsed twice in sterile water, and plated on CD
agar amended with antibioties (4). Fiveisolations were made from
eolonies growing from cach of four seeds from each inoculated
loeule for a total of 20 isolations per locule. lsolawes were then
paired with nirA™ mutanis of both AF13 and AF36 on CD agar,
and complementation reactions after 10 days at 31 C were used
to identify the isolate (3). The test was performed three titnes,
In the first two tests, isolations were made from bolls inoculated
with AF13 and AF36 alone and from bolls inoeulated with both
isolates, In the third test, isolations were made only from bolls
inoculated with both isolates,

1n vitro interactions. Intcractions of strains AF36 and AF13
in vitro were assessed in the liguid medium of Adye and Matales
(1) with either 3 g/L of NH, S0, {NH, medium) or 3 g/L of
NaNO¢ (NO,, medium) as the sole nitrogen soures as previous
deseribed (11). Erlenmeyer flasks (250-ml) containing 30 ml of
either NO; medium or NH, medium were tnotulated with gither
15,000 spores of AF13 per milliliter, 15,000 spores of AF36 per
milliliter, 15,000 spores of AF13 and 15,000 spores of AF36 per
millititer, or with 15,000 sporcs of AF13 and 7,500 spores of
AF36 per milliliter. Flasks were incubated in the dark on an
orbital shaker (150 rpm) for 4 days, after which 50 m! of acetone
was added to each {lask to lyse fungal cells and extract the
aflatoxins from the my¢elium.

To ascertain potentiz! inhibitory effeets of AF36 on growth
of AF13, isolaws were paired on 5/2 agar and on CD agar by
the inoculation of wells {3 mm in diameter) in the agar. The
wells were spaced 2 ¢cm apart, Two wells on each plate were
inceulzied with either the same isolate or with different isolates,
Plates were ineubated at 31 C and visually examined after 5 days
for zones of inhibition, .

To determine the influcnee of astively growing myeelia of AF36
on aflatoxin production by myeclia of AF13, flasks containing

- NO, medium were inotulated with each isolate individually and

shake-intubated as deseribed above. After ineubation pertods of

0, 5, 10, 24, and 48 h, the contents of a flask eontaining AF13

and apother containing AF36 weic combined and mixed by
swirling (2 min). The contents were then divided into approxi-
mately 50 m! per flask and shake-incubated for the remainder
of 5 days from the initial inoculation; i.¢., eultures mixed after
24 h were incubated for ap additional 4 days. Control! {lasks
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inoculated with AF13 alone were incubated for 1, 2, or § days
and ineluded in the randomized experimental dcslgn After the
incubation period, fungal growth was stopped by the addition
of 50 m! of acetone, and aflatoxin analyses were performed as
described below, This test war performed three times and
replicated fourtimes; the four replieates resulted from two separate
tmixings of paired flasks cach consisting of one flask with AF13
and one flask with AF36,

Flltrates, mycelis! extracls, and dcgradatwn Totest the involve-
ment of factors that interfere with aflatoxin biosynthesis, AF36
in NO; medium was shake-cultured as deseribed above [or 4 days
at 31 C; the filtrate was then recovered and substituted for the
water component of the NQ; and NH, media. The influence of
myeelial extraets of AF36 on aflatoxin biosynthesis by AF13 was
also tested. Myeelial balls (15-20 g) from 4-day-old NO, medium
shake eultuies were blended at low speed for 30 5 in 100 ml
of distilled water, The agueous extraet was then [thersterilized
and added 1o NO, medium at a 188 rate (v/v). To test for
degradation of aflatoxin by AF36, filtrates from 4-day-old shake
cultures of AF)2 in NO, medium were substituted for the water
component of NO; medium as described above. In all three
experiments, the media were {iltersterilized, dispensed into 50-
ml Erlenmeyer flasks (30 m! per flask), inoculated, and incubated
as described, Mycelial extract and filtrate experiments were
inoculated with approximately 5000 spores of AF13 and
incubated for 4-5 days, Aflatoxin degradation tests weie inocu-
lated with zpproximately 5,000 spores of AF36 and incubated
for 7 days. The experiments were performed ar least twice and
contained two to four replicates.

AflatoxIn analyses, Culture filtrates containing 50% acetone
{v/¥) were Nltered through #4 Whatman ftter paper. Fifty milli-
liters of filirate was added with an ¢qual volume of water to
a 250-m! scparatory funnel, and the solution was extracted twies
with 25 ml of methylene chloride. The methylene ehloride extracts
were filtered through 50 g of anhydrous sodium sulfate to remove
residual water, and the sodium sulfate was rinsed with an addi-
tional 25 m! of methylene chloride after filtration. The sinse and
extracts were combined, evaporated at room temperzture, and
the residual was dissolved in 4 m! of methylene chloride, The
extracts and zflatoxin standards were separawed on thin-layer
chromatogrzphy plates (silica gel 60, 250 mm) by development
with diethyl ether-methanol-water {96:3:1} {32). Extracts were
cither coneentrated or dituted to permit aeccurate densitometry
{27), and aflatoxin B, was quantified with a seanning densitometer
(mode! ¢5-930, Shimadzu Seientific Instruments, Inc., Tokyo) after
development (27).

Lnfected eotton locules were extracted as previously deseribed
{12). Pried intact locules were hammered to pulverize the seed
and added 1o 200 m! of acetone and water (85:15). The mixture
was shaken for 15 5, allowed 1o set overnight, and filtered through
a #4 filter paper. A 100-m! portion of the filtrate was mixed
with 100 m! of an aqueous solution of 0.22 M Zn(CH,CO0),
and 0.008 M AlCIJ‘ allowed to set for 1-2 h, and {iltered again.
A 100-m! portion of the filtrate was added to 2 250-m! sepatatory
funnel, and aflatoxin ¢xtraction and analysis were perionmed as
deseribed for culture filtrates.

Stalistical analysis. Analyses were performed with CSS:Suatistiea
(Statsoft, Ine., Tulsa, OK) and Exesl {Microsoft Corporation,
Redmond, WA). Treatments were randomized within experiments.
Analysis of varianee was used to test differenees among treatments
prior to application of multiple comparison wehniques. Compari-
sons of proportions were made with the Z test (29).

- RESULTS

Toxin content of inoewlated bolls, Bolls inoeulated with mia D~
mutants of both AF13 and AF36 had 0-20% of the aflatoxin
eontent of bolls inoeulated with the nia D™ mutant of AF13 alone
(Table 1). The AF13 nio 27 mutant retained wild-type ability to
infect and contaminate developing cottonseed with aflatoxins,
and the AF3§ nigD™ mutant retained wild-type ability to inhibit
aflatoxin contamination. In three experiments, locules inoeulated
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with the AF36 nio D™ mutant alone contained no detectable afla-
toxins, and locules inoculated with the AF 13 nio 5™ mutant alone
had 75440 g of aflatoxin B, per gram, Locules inoculated with
wild-type AFL3 typically contained similar toxin levels (14). In
the one head-to-head test performed, locules inoculated with the
AFI3 nia D™ mutant alone contained 159 + 39 pgfg, and locules
inoculated with AF13 wild-type contained 176 £ 22 pgfg.
Seed isolgtions from inoculsted bols. Results of isolations from
locules inoculated with both mio D™ mulants varied among the
three experiments. 1o test 1, 7095 of alt isolates were AF35, and
AF36 alone was isolated from onc locule {five isolates from ¢ach
of four seeds) and from three of cight sceds from two other locules.
Only one seed {8%) was infected by AF13 alone, One-thied of
the sceds from the three locules were infected with both AFL3
and AF36 (Table 1). In test 2, AF36 alone was isolated from
one locule and from three of four seeds in a second locule, How-
ever, AF13 alone was isolated from one locule. Data from test
2 is presented in Table ! with and without the locule containing

TABLE |, Seed infeeied (%) wilh 1wo sirains of Aspergiliis flovis al
maturity after immalure bolls weie coinocutaled with both strains and
percent reduction of aflatoxin in bolls coinoculaied compared to bolls
inoculdled wilh strain AF13 alone®

Seed infeeted
by inoeulated strain(1|®

Percent AF36 AFi1 AFi3
Test reduetion® AF1F alons alone and AF36
i g2 o 58* g kX ]
2 100 &4 58 33 &
2p* 100 96* B3+ ] i3
3 99 g0* 58" g 33

*Toxin leveh and seed infection were measured in paratiel samples within
each replicale. . .

Pereent reduction in 2flaloxin B, eontent of seed from bolls eoinoculated
with aloxigenic stiain AF36 and loxigenic sirain AF13 compared to

b

bolls inaculaled with sirain AF!3 alone, Bolls inoculaled wilh strain -

AF13 alone contained 76, 176, and 444 up of aflaloxin By per gram
intesis |, 2, and 3, respeetively.

“Perceniage of o1zl isolales (55-60 isotales per 1es1} from infecied seed
fiom locules inoeelaled with both AFt) and AF36 and idemified as
AF36. * = Values significantly (P = 0.05) grester than 50 by the Z
test for proportions (29). :
Al malurily, 1eed1 were aeid delinted, washed, and plated on seleelive
medium; Mive isolalions were made (rom each seed, and isolalel were

classified as AF36 or AF 13 as deseribed. Values repretent the pereenlage
of 1olatseed infesied by A. flevus thal were infecied by individual strains.

There were 12 seeds per test, four seeds per replicale, Nive isolalions
per seed. * = AF36 values significanily (# = 0.05) grealer than AFI3

vatges by Lhe Z 1es1 for proportiont (29).

“in lest 2, 57 jolates from (2 seeds from three bolls were evalualed;
four seeds contained AFI3 bul nol AF36, These ali oceurred in one
boll (boil x} from which AF3S was not recovered, Test 2B is the data
fiom Lest 2 minus boll x.

only AF13 {explained further in Discussion). In test 3, both AF13
and AF36 were isolated from all three locules, although 20%
of all isolates in test 3 were AF36. AF36 alone infected seven
of 12 sceds {5865), AF13 alone infected one of 12 seeds (8%),
and four of 12seeds were infeeted by bothisolates. When isolations
were made from seeds produced in locules inoculated with only
one mutant, only that mutant was recovered.

Mutants of AFI3 remained stable throughout the tess,
However, in two of the in vivo Lests, tht #io D7 mutant of strain
36 partially reverted 1o wild type in 2l bolls sampled. These
revertants exhibited growth on CD agar intermediale between
that of the wild type and the muiant. However, the growth
remzined sparse enough to permit delection of complementation
between the revertant and the mird™ tester mutant. ’

In vivo versus In ¥ltro activity. At maturity, locules inoculated
wilh AF12 alone contained aflatoxin B, levels above 50 upjg
in all experiments, Locules inoculated with both AF13 and AF36
contained less than 10% of the aflatoxin in locules inoculated
with AF13 alonc. However, the quantity of toxin did not differ
significantly (P = 0,05 according to Fisher’s proteeted least
significant difference test) between locules inoeulated with equal
quantilies of AF13 and AF36 and those inocutated with twice
as much AF!3 as AF36 (Table 2). Similar resulis were obtained
in liquid fermentation in both NO; snd NH, media. High toxin
levels were produeed in fermentations inoculated with AF13 alone,
and low toxin levels oceurred in fermentations inoculated with
AF!3 and AF36 together. The quantity of toxin in fermentations
inoculated with twice as much AF13 as AF36 was cqual to the |
toxin content of fermentations inoculated with equal quantities
of AF13 and AF36.

On both CD and 5/2 agar media, myeclia of each strain gre
until it met the mycelia of the other strain. The strains did n
oveegrow cach other, and no zones of inhibition formed. Sporuta-
tion and mycelia were less dense where the colonies met, but
this also occurred in self-confrontations.

When AF36 and AF13 were fermented individually, mixed after
various periods, and refermented for the remainder of the 120-
htest period, significantly less aflatoxin By was produced by AF13
than in 120-h fermentations of AF13 alone (Table 3). In tests
! and 3, linear regressions of aflatoxin content of mixed cultures
with hours of growth untit mixing were significant {£ = 0.049-
0.025). However, the R* values were low {R' = 0.26-0.34), In
tests 2 and 3, the aflatoxin content of euliures mixed after dB
hwas significantly less than that of unmixed controls, eventhough
aflatoxin proguetion by AF13 had already begun st 48 h (Table 3).

Filtrates, mycelial extracts, and degradation. Culture filtrates
of Loxigenic' AF!3 that were filter-sterilized, supplemented with
the nutrients of NGy medium, and incubated at 31 C for 5 days
did not have significantly different toxin levels than simitar filtrates
inoculated with AF36 prior to the incubation. All filtrates
contained over 15 ug of aflatoxin B, per gram &t the end of
the experiments. Degradation of aflatoxin B, was thus not observed.

Supplementation of NO; medium with cither filtrates or

TABLE 2. Growth, 10xin produeiion, and alicrolion of euliure pH by two stiains of Aspergilius flovur grown individuaity and in combinalion

Sirain ratio® Allaioxin B, Finat pH® Fungal mast (g)
(13:36) In vive® NH/ Noy N, NO, NH, NO,
10 501 x* 445 x 234 x 213z 6.10 x 048y 0.38y
&l 0z 0z 0z 228 x 5.96x 043y 045 yx
H By 0y 3y L 230x 5.7 x 0.50 xy 0.54 x
2:1 Ty 45y Sy 224 x 5.68 x 0.52x 0.53 x

*Flask1 cgnlaining 50 tl of medium were seeded with 16 eonidia per microliter of eilher AFI) or AF36. For two Lrealmenis, Masks Lhal were
seeded with AF13 were also seeded with either 16 or eight conidia per miercliler of AF3§, Flasks were incubaled a1 28 C for 4 days prior 1o

being analyzed for aflatoxin eonleni,
*Final pH of the eufture medium; initial pH was 5.0.

tConon bo!{s 28-30 days oid were inoculaled with 10,000 conidia of either AFI3 o1 AF36; planis in 1wo Ireaimenis were inoculaled with boih
AF13 and cither 10,000 or 5,000 conidia of AF36. Al maturity, seed from all inoeulaed bolls were anatysed for allzioxin content, which it expressed

as microgram per gram of whole 1eed.

INH, = the NH, medium; NO| = the NOr medium, Altatoxin is expressed as micrograms per gram of myeeliug,
" Valuet for in vivo tests are averages of four repticares; values for in vitro lesis are averages of Lhree replizales, Yalues within s column loliowed
by the same tetler are not signilicamly different (F = 0.05) according to Fisher's proieeied leest significant difference test.
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mycelial extraets of AF36 stimulated aflatoxin produetion by
AF13 as eompared to unsupplemented NO; medium in every
cxperimnent. In one test, AF36 filtraies inereased total aflatoxin
B, production nine-fold, and myeclial extracts increased produe-
tion 68-fold {to 199 pg per 70 ml fermentation), ahhough in
another test, toxin production was sumulaled only Tour-fold by
the mycelial extraet.

DISCUSSION

The niaD™ mutants of AF36 and AF 1) were useful in discerning
strain prevalenee during infection of developing cottonseeds in

- loeules inoeutared with both sirains. Nitrate-nonutilizing muiants

have previously been used to study plant pathogen population
struesure {3), to follow survival of Fusorium oxysporum in soil
under field conditions (22}, and to differentiate between phenotype
switehing and eomaminants during hosi-passaging experiments
with Seprorie nodorm (26). Both the Separia and Fusarium
mutants retained virulence {22,26). Similarly, in the tests reported
here, $he mial)™ nitrate-nonutilizing mutams retained virulence
to developing cotion bolls. Furthermore, the nigD™ mutam of
AF13 retained the ability to contaminaie developing cottonseed
with affatoxins, znd the nie D™ mutant ol AF36 retained the abiiiny
10 interfere with the proeess of contamination when coinoculated
into devejoping conton bolls, Similar mutants may have further

uses in the investigation of interaetions between strains in soils .

and on ¢rop surfaces, -

Although the niaD” muanm of AF}6 was siable through 10
serial passages in euhure, during infection of developing eoton
bolls this mutant partially reverted to wild type in two of three
experiments. Reversion dié not oteur with several strains of
Seproria nodarum {26). The partiaily reveried AF36 mutants were
still useful in complememation tests. However, reversion may
have confused mutant idenification as nitrate-nonwtilizing if this
was the soic eriterion for identification. Thus, caution shouid
be exereised when simiar mutants of 4. flovus are used to monitor
strain migration in agricultural fields, as was done with £, oxy-
rporum (22). .

In ail three boll inoeulation tests, AF36 infeeted a greater per-
centage of the developing seeds than did AF13, Thus, the ability
of AF36 to inhibit comamination by AF13 may partly be due
to competinive exeiusion of AF13 during infettion of the develop-

TABLE 1. Influcnee of stoxigenie strain AF36 on loxin produstion by
loxigenie sirain AF!3 when urains are evliured 1eparately for 0-48 h
prior 1o mixing'

Aflaioxin B;*
(g€ of mycelium)

Treatment Test t Test 2 Tes12
Mix ehier
0k td 8.5 52
5k 2.4 - 1.4 0.5
10h 17.7 8.8 2.7
24 % ND t0.4 223
48h . D - 5.0 0.8
AF13 coniralt 6.0 64.2 138.5

*Flasks coniaining 70 mt of NO; medium were ingeulaled with either
AF 1 or AF36, Afer various periods, media eonlaining AFI6 were mixed
with equal guantities of media coniaining AF!11, The mixed conlents
wergthen divided inio equal poniont and 1e1urned 1o 1he original numbel
of flasks, The resuliing flasks were thake-incubaled for 1the remainder
of the t20.-h incubation period ond analyred for afaloxin eonlent,
*Values are meons of four 1eplicates. Linear regressions (aflatoxin content
of mixed euliures w1, houn growth uniil mixing) weie significan for
1es15 ) and 3 (R¥= 0,34, = 0.049 and R =0.26, P =0.026, respecrively)
but not for 1e1 2. For cach 1es1, al) mix treatmenis differed significamly
(P = 0.05 from the unmixed conmirols according 10 Fisher's protetied
leas1 rignificam difference 1651, ND = nol delermined.

“Comre! {lasks were ineubaled with AF13 alone for 120 k. In tests 2
and 3, flasks with AF!] atone were also analyzed afier 24 and 4% h.
In both cases, no loxin was deleeted afier 24 h and beoyween ¢ and
2 ugig of myeelium wag delecied afier 48 &,
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ing cottonsced. In test 2, apparently one developing boll was
inadvetiently inoeulated with only AF13; if AF13 had dominated
in any of the loeules anaiyzed for toxin, aflatoxin B, would have
been detected, The dara for test 2 without the outlier boll {the
boll infeered with AF13 alone) probably beuer represents the
true situation, Aithough competitive exclusion apparenily is one
mechanism through whieh AF36 reduces boll contamination, a
second meehanism may also oecur, This is suggested by the pereem
reduction in aflatoxin contemt thar results from simuhiancous
inoculation with AF36 exeeeding the perecntage of total isolates
identified as AF36in cach test (Tabie 1),

A seeond meehanism of action is also suggested by the ability
of AF36 10 imerfere equally with contamination of developing
cotion bolis by AF13 when either ¢oinoeulated 21 equat spore
conecentrations or at one-hall the spore concentraiion of AF13.
This phenomenon alse oceurred in liquid fermentation, and yet
on solidified agar media a1 the same iemperature as the fermenta-
tions, AF13 and AF36 did not appear to inhibit the growth of
cach other. Similar inhibition of aflatoxin production n liquid
fermentation was observed when A. parariicus was cofermenied
with 4. porasiticus mutants blocked at specific steps in the afla-
toxin biosynthetic pathway (20). Sueh mutants aceumulaie imer-
mediates in the biosynmhetic pathway and siill exert a negative
influence on affatoxin biosynthesis without interfering with wild-
type growth {21). In those studies, 1he influenee of the mutants
was not Mtributable to the mutants merely outgrowing 1he wild
1ypes. In experimemis reported here, we tesied whether the
influence of AF36 on aflatoxin ptoduction was mtribulable to
cither degradation of aflaioxins, production of eompounds
inhibilory to aflatoxin biosynthesis, or competition for nuirients
required for aflatoxin biosynihesis.

Degradation of aflaioxin by several fungi has been demon-
strated, and even some strains of A. flavis and A. porasiticus
partialiy degrade aflavoxin B; after biosynihesis has stopped {5,7).
In 1he currem siudies, AF36 did nov degrade aflatoxin B,
Degradation experiments were performed in medium with NO,
as the sole nivrogen souree to prevent degrad ative effeets avtribut-
able to low pH {11). Depradation is apparentiy nota mechanism
through which AF36 acts, These observations are not neeessarily
in conflict with previous observations of degradation of aflatoxins
by 4. flovur, beeruse the ability of a strain to degrade aflatoxin
is thought to be correlated with strain ability to produce affatoxins;
atoxigenie sirains are thought to have litile abiliy 10 degrade
aflmoxins {19).

AFJ6 exered influcnee on aflatoxin produetion by AF13 even
when AF1) myeeiium was aciively growing prior 1o exposure
10 AF36. Signifieant reduetions occurred ¢ven when AFI3 had
initiated affmoxin biosymhesis prior to exposure, Thus, inhibition
of aflatoxin biosynthesis by AF36 differs from inhibition caused
by both fungisiatic and fungicidal agents that aiso inhibit growih;
these ehemieal inhibitors are ineffeciive afier initiation of affatoxin
biosy mhesis (6,24,32). When spores are mixed in shake fermenta-
tion, the resulting myeelial balls arc aggiomerations of numerous
germlings, Thus, myeelia of the two strains become closcly inter-
wwined, Culiures mixed after 12 h have aheady formed myeelial
bails. Inhibition in these mixtures indieates that myeclial inter-
wwining is nowrequired for activity of AF36. Similarly, intertwining
of myeelium was not required for A. niger inteiferenee with afla-
1oxin produerion (3!}, These observations, 1aken together, suggest
diffusible factors may be involved in 1he inhibitory ability of AF38,

Many bacreria and fungi can interfere with aflatoxin produetion
{21,24,30). However, microbes that are as effeetive as AF36 are
rare. Reduerjon in affatoxin produetion in corn substrates coin-
oculated with 4. niger and A. flavur have been attributed 1o
alterations in subsiraie pH {23} no significam influence of AF36
on pH was observed in any of the 1ests reported here, suggesting
aherationin pH is not asignificant meehanism. Similarly, Shantha
and eoworkers found that pH was not involved in inhibition of
aflaroxin production by A. niger and 4. 1@mariiin liquid fermenta-
tion (313 These workers provided evidenee for chemical inhibiors
of aftmoxin biosynthesis. Resuls of the eurrent study fead us
10 conelude that inhibition caused by AF36 probabiy does not
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involve inhibitors. This conclusion is supported by stimulation
of afaloxin production by both cullure filtrates end mycelial
extraels of AF36. These observations do not rule out the possibilily
that shori-lived inhibitors, i.¢c., the volatiles described by Zeringuc
and MeCormiek (33), might play a role. However, stimulation
of toxigenesis by filirates and mycelial extracts of AF36 suggesis
AF36 may reduce 1oxin production merely by eompelition for
nutrienls. .

In one study of naturally infecied collon bolls, at least 50%
were infecled with multiple strains of A, favus a1 marity (3).
Inthe eurrent study, bolls inotulated at wounding with two strains
often became predominantly infected by a single strain, Competi-
lion belween strains initially infecting bolls may therefore cause
an underestimation in the frequency of muliple infections. This
competition may be an imporiant determinant of the exient of
contaminalion of naiurally infected bolls. The abilty of an atoxi-
genie sirain to compele during eolonizalion and infection of
wounded locules may be a prerequisite for sirain efficacy in The
reduelion of eontamination in loeules with multiple infecting

* strains.

Most siudies on Lhe physiology of aflatoxin formation have
used nnly one isolate ai a lime, However, part of the possible
range of phenotypes of a fungus may be expressed only when
a myeelium confronts another genetie individual (28}, The geno-
1ypic diversily of A. favus in cotton fields and even in colton
locules cnsures that competition between strains of A, flavus
oceurs in developing bolls, The dala presented here show that
this competition may have a complex effecl on aflatoxin
conlamination and also suggesls creative solutions for its control.
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Dr. Michael Braverman

Technolegy Center of New Jersey
Interregional Research Project No.4 (IR-4)
881 U.S. Highway #1 South

North Brunswick, NJ 08802-3390

Dear Dr. Braverman:

Aspergiflus flavus AF36 (ai# 006458)
Pending Sectlon 3 Registration EPA Reg. No, 71603-R
Pesticide Petition 8£5001

A docket has been established for the pending Federal Register documents regarding -
the application for the Section 3 registration and exemption from tolerance associated.for use of -
Aspergillus flavus AF36 on cotton in Arizona and Texas. We are requesting classification-from
IR-4, Dr. Peter Cotty and all relevant parties regarding the documents listed on the attached
indexes. The classification categories are described as follows. R

A=  Releasable to Anyone

B= Releasable to persons who submit a signed Affirmation of Non-multinational:
Status form. If “B documents appear on the index, a copy of the Affirmation is
attached.

C=  Claimed Confidential by the submitter, Requests for "C” documents will be

processed under the Freedom of Information Act and EPA's public information
regulations at 40 CFR Part 2, subpart B.

Pleass fill out the attached form, so that we can quickly finalize these pending Federal
Register notices that are essential for the registration of your product. Your assistance is
appreciated. If you have any further questions regarding this matter, de not hesitate to email
me or call at 703-308-8097.

Sincerely,
Shanaz Bacchus, Chemist

Regulatory Action Leader '
Biopesticides and Pollution Prevention Division
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of Interregional Research Project No.4 {IR-4) have classified the following documents
pertaining to the Active ingredient Aspergillus flavus AF36 as indicated in the atlached
lables.
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Biopesticides Poflution Prevention Division
.8, Environmentai Protection Agency
Adel Rios Building
1200 Pennsylvania Ave., N.W,
Washington, DC 20460
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TITLE: (Title of document)

Classiftcation

43763400 USDA/ARS and IR-4 (1995) Submission of Product Chemistry, Toxicity,
and Risk Data in Support of an Experimental Use Permit for
Aspergillus flavus AF36. Transmittal of 5 Studies.
SUBMITTED IN SUPPORT OF: 069224EX1
SUBMITTED IN SUPPORT QF: 5E4575

C

43763401 Cotty, P. (1995) Aspergillus flavus Isolate AF36--Product
Identity and Disclosure of Ingredients, Manufacturing Process
/ and Discussion on the Fonmation of Unintentional Ingredients:
Lab Project Number: PR 52B. Unpublished study prepared by
USDA/ARS. 85 p.
SUBMITTED IN SUPPORT OF; 069224EX1
SUBMITTED IN SUPPORT QF: 5E4575

43763402 Cotty, P. (1995) Aspergillus flavus Isolate AF36--Analysis of
Samples, Certification of Ingredient Limits, Analytical Methods
for Certified Limits, and Physical and Chemical Properties: Lab
Project Number: PR 52B. Unpubhshed study prepared by
USDA/ARS. 8p. 7

SUBMITTED IN SUPPORT QF: 069224EX1
SUBMITTED IN SUPPORT QF: 5E4575

43763403 Cotty, P.; Hartman, C. (1995) Aspergillus flavus Isolate
' - AP36--Safety Data i Support of Petition Proposing a Temporary
Exemption from the Requirements of a Tolerance for Aspergillus
- flavus for Use in Cotton Production: Lab Project Number: PR
'52B. Unpublished study prepared by USDA/ARS and IR-4. 882 p.
SUBMITTED IN' SUPPORT OF: 069224EX1
SUBMITTED IN SUPPORT OF: 5E4575

43763404 Cotty, P. (1995) Aspergillus flavus Isolate AF36:
Hypersensitivity Incidents with Microhial Pest Control Agents:
Statement of Finding No Hypersensitivity: Lab Project Number:
PR 52B. Unpublished study prepared by USDA/ARS. 4 p.

SUBMITTED IN SUPPORT QF: 069224EX1
SUBMITTED IN SUPPORT QF: 5E4575

C

43763405 Cotty, P.; Hartman, C. (1995) Aspergillus flavus Isolate
AF36: Product Performance Data: Lab Project Number: PR 52B.
Unpublished study prepared by USDA/ARS and IR-4. 145 p.
SUBMITTED IN SUPPORT QF: 069224EX1
SUBMITTED IN SUPPORT OF: 5E4575
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TITLE: (Title of document)

Classification

43972400 Interregional Research Project No. 4 (1996) Submission of Product
Analysis and Toxicology Data in Support of an Experimental Use
Permit for Aspergillus flavus AF36. Transmittal of 3 Studies.
SUBMITTED IN SUPPORT OF: 069224EX]

43972401 Cotty, P. (1996) Aspergitius flavus Isolate AF36--Analysis of
Samples, Certification of Ingredient Limits, Analytical Methods
for Certified Limits: Amendment No. 1 to MRID No. 41763404 Lab
Project Number: PR 52B: 52B. Unpublished study prepared by
Southern Regional Research Center, USDA/JARS. 6 p.
SUBMITTED IN SUPPORT OF: 069224FEX]1

43972402 Cotty, P. (1996) Aspergillus flavus Isolate AF36:
Hypersensitivity Incidents with Microbial Pest Controi Agents:
Statement of Finding of No Hypersensitivity: Amendment No. 1 to

. MRID No. 43763404: Lab Project Number: 52B: PR 521.

Unpublished study prepared by Southern Regional Research

Center, USDA/ARS. 4 p.

SUBMITTED IN SUPPORT OF: 069224EX1

43972403 Shelton, L. (1996) Acute Oral Tox1c1ty Study in Rats:
W {(Aspergitius flavus AF36): Final Report: Lab Project Number:
M96AGB4.6G31: MA M9OGAGR4. 6G31 Unpublished study prepared by
Microbiological Associates, Inc. 59 p.

SUBMITTED IN SUPPORT OF: 069224EX1

43990000 Interregional Research Project No: 4 (1996) Submission of Product
Chemistry Data in Support of the Application for Experimental
Use Permit for Apergillus flavus AF36. Transmittal of 1 Study.
SUBMITTED IN SUPPORT OF: 069224EX]1

. 43590001 Cotty, P. (1996) Aspergiilus flavus Isolate AF36--Product
Identity and Disclosure of Ingredients, Manufacturing Process,
and Discussion on the Formation of Unintentional Ingredients:
Amendment No. | to MRID 43763401: Lab Project Number: PR 52B.
Unpublished study prepared by USDA/ARS, Southern Regional
Research Center. 6 p.

SUBMITTED IN SUPPORT OF: 069224EX1

44597000 Interregional Research Project No.4 (1998) Submission of
Product Chemistry Data in Support of the Petition for Tolerance
of Aspergillus flavus isolate AF36 infon Whcat. Transmittal of
1 Study.

- SUBMITTED IN SUPPORT OF: 8ES5001
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TITLE: (Tille of document) Classification

44597001 Cotty, P.; Antilla, L. {1998) Aspergillus flavus Isolate
AF36 Manufacturing Process and Discussion on the Formation of
/ Unintentional Ingredients. Amendment No. 2 MRID 43763401: Lab

Project Number: 52B. Unpublished study prepared by USDA/ARS,
Arizona Cotton Research and Protection Council and Rutgers
Univ. 38 p.

SUBMITTED IN SUPPORT OF: 8E5001

44626100 Interregional Research Project No. 4 (1998) Submission of
Product Chemistry Data in Support of the Petition for Tolerance
of Aspergillus flavus isolate AF36 infon Cotton. Transmittal
of 1 Study. C
SUBMITTED IN SUPPORT OF: 069224EX1
SUBMITTED IN SUPPORT OF: 5E4575

.44626101 Cotty, P.; Antilla, L. (1998) Aspergillus flavus isolate
AF36-Analysis of Samples, Certification of Ingredient Limits,
Analytical Methods for Certified Limits: Amendment No, 2 to
MRID No. 43763402: Lab Project Number: 52B." Unpublished study
prepared by USDA/ARS, and Arizona Cotfon Rescarch and
Protection Council. 33 p,

SUBMITTED IN SUPPORT OF: 069224EX!

SUBMITTED IN SUPPORT OF: 5E4575

44713700 Interregional Research Project No.4 (1998) Submission of
Product Chemistry Data in Support of the Petition for. :
Tolerances of Aspergilius flavus mfon Cotton. Trzmsmlttal of /

1 Study.
SUBMITTED IN SUPPORT OF:; BES5001
SUBMITTED IN SUPPORT OF: 5E4575
SUBMITTED IN SUPPORT OF: 069224EX1

44713701 Cotty, P.; Antilla, L. {1998) Aspergillus Flavus isolate
AF36--Amended Manufacturing Process--Amendment No,3: Lab _ C

Project Number: 52B. Unpublished study prepared by IR-4.
21 p.
SUBMITTED IN SUPPORT OF; 8E5001
SUBMITTED IN SUPPORT OF: SE4575
SUBMITTED IN SUPPORT OF: 069224EX1

WMM /2/200L
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TITLE: (Title of document)

Classification

45307200 USDA/ARS Southern Regional Research Center (2001) Submission of
Environmental Fate Data in Support of the Petition for
Tolerance of Aspergillus flavus Isolate A¥36/Cotton infon
Cotton. Transmittal of 2 Studies.
SUBMITTED IN SUPPORT OF: 5E4575
SUBMITTED IN SUPPORT OF: 069224EX1

C

45307201 Cotty, P. (2001) Aspergillus flavus Tsolate AF36: Safety
Information (Soil and Air Monitoring of Populations of A.
flavus): Lab Project Number: 52B. Unpublished study prepared
by Interregional Research Praoject No.4. 130p.

SUBMITTED IN SUPPORT OF: SE4575
SUBMITTED IN SUPPORT OF: 069224EX1
Start here

45739100 Interregional Research Project No. 4 (2002) Submission of
Toxicity and Exposure Data in Support of the Petition for
Tolerance of Aspergillus flavus on Cotton. Transmittal of 4
Studies, R ‘

SUBMITTED IN SUPPORT OF: 2E6497 : )
45739103 Smith, D.; Cotty, P.; Braverman, M.; et al. (2002) Aspergillus
flavus Tsolate AT36: Non-Target Organism and Environmiental
Safety Information: Lab Project Number: IR-4 PR NO.52B:
Unpublished study prepared by Soil & Crop Sciences, Southern
Regional Research Center USDA/ARS, Rutgers University and’
Arizona Cotton Research and Protection Council. 57 p.

d SUBMITTED IN SUPPORT OF: 8E5001

45739101 Blanchard, E.; Carter, J. (2002) Aspergillus flavus AF36: Acute
Pulmonary Toxicity and Pathogenicity to the Rat: Interim
Report: Lab Project Number: UAR/006. Unpublished study
prepared by Hunfingdon Life Sciences, Ltd. 86 p. {OPPTS
885.3150}

SUBMITTED IN SUPPORT OF: 8£5001

C
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TITLE: (Title of document) : Classlfication

45739104 Antilia, L.; Cotty, P.; Bravemman, M. (2002) Aspergillus flavus
Isolate AF336: Hypersensitivity Incidents: Lab Project Number:
52B. Unpublished study prepared by Arizona Cotton Research and C
Protection Council, Southern Regional Research Center and
Rutgers University. 18 p.

SUBMITTED IN SUPPORT OF: 8E5001

45739102 Mayer, D. (2001) Honey Bee Field Study of Aspergillus flavus
AF36 in Cotton: Lab Project Number: WSU 00-011. Unpublished

study prepared by Washington State University. 30 p. {OPPTS
850.3040, 885.4380}

SUBMITTED IN SUPPORT OF: 8E5001

01530’?202 Cotty, P. (2001) Aspergillus flavus Isolate AF36 Non-target
Organism and Environmental Safety Information (Soil and Air
Monitoring of Poputations of A. flavus): Lab Project Number: C

52B. Unpublished study prepared by Interregional Research
Project No.4. 130p. -
SUBMITTED IN SUPPORT OF: 5E4575
SUBMITTED IN SUPPORT OF: 069224EX1

45798100 Southern Regional Research Center (2002) Submission of Toxicity
Data in Support of the Registration of Aspergillus flavus AF-36
and the Petition for Tolerance of Aspergillus flavus isolate ' C
AF-36 in/on Cotton. Transmittal of 2 Studies.

SUBMITTED IN SUPPORT QF: 8£5001

45798101 Blanchard, E. (2002) Aspergiilus flavus AF36: Acute Pulmonary
Toxicily and Pathogenicity to the Rat: Lab Project Number: C

UAR/004: UAR004/014519/AC: PR 52B. Usnpublished study prepared
by Huntingdon Life Sciences Ltd. $3 p. {OPPTS 885.3150}

Wilal Biasiwnn <focff

. SUBMITTED IN SUPPORT OF: 8£5001
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TITLE: (Title of document) ' Ciassification

45798102 Redgers, M. (2002) Toxicity/Pathogenicity to the Bobwhite
Quail: Avian Inhalation Test Tier 1: Aspergillus flavus AF36:
Lab Project Number: UAR 005: UAR 005/022336: PR 52B.
Unpublished study prepared by Huntingdon Life Sciences Ltd. 21 p. {OPPTS
885.4100} :

SUBMITTED IN SUPPORT OF: 8E5001

45798200 Southern Regionat Research Center (2002) Submission of Toxicity
Data in Support of the Registration of Aspergillus flavus and
the Petition for Tolerance of Aspergitlus flavus Isolate AF36
infon Cotton. Transmitial of 1 Study.

SUBMITTED IN SUPPORT OF: 8E5001

QS 798201 Blanchard, E. (2002) Aspergiltus flavus AF36: Acute Pulmonary
Toxicity and Pathogenicity to the Rat: Lab Project Number:

UAR/006: UAR 006/023279/AC. Unpublished study prepared by

"Huntingdon Life Sciences Ltd. 61 p. {OPPTS 885.3150} C

SUBMITTED IN SUPPORT OF: 8E5001
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[ E XN
interregional Besearch Pruject No. 4
Center for Minor Crop Pest Management .
* L]
:...UU
Shanaz Bacchus
Biopesticide and Polintion Prevention Division
Baciment Processing Desk . : .
Oflice of Pesticide Programs tavss’
S, Enviminmental Pratection Agency se v,
[ ] *e

Scecond Floor, Crystal Mall 2

W21 Jeflerson Davis Highway

Arhington , VA 22202-450!

{703)308-8007 March 25, 2002

Dear Shanaz
RE: Aspergillus Tavus AF36

As yon reguested during oar conversatian on March 20, 2002 | have attached a
snmmary of the toxicalegy rescarch . Addnional toxicology work has been submitted
previously, therefore this snmmary anly represents research not yet submitted to EPA,
These will be subimitted along with the Section 3 registration package.

There have not been any adverse altects atirthitahle to Aspergillus flavus AlF36 and
the primary points ol consideraiion for the cantinuation and expunsion of the EUP and
are a8 lollows:

I. The honcy bee stndy determined that Aspergifins flavis AF36 is cansidered non-
hazardoms,

(B

There was na evidence ol miections risk in either avian or mammalian studies

3. Therc have been no reported adverse elfects dhnang the research or EUP phases ol
pracdnet prodnctin, development and evalation.

4. Aspergiling Davis AF34 is already tonnd in the soils al the states requested in the
EUP.

Technology Cenire of New Jersey
681 LS, Highway #1 Somah » Nonth Brmnswick, NYOBO02-3300 « 732/032-9375 «» Fax: 732/932-848)
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5. ARatoxin is a known oxin and Aspergilhis flavius AF36 has the ability to reduce
this toxin,

LA R X}

Thank you for contivued guidance i the EUP process. The EUP for Arizona and.5.
Texas will enable additional informaiion io be collected so that EPA can make a
better informed decision when the Section 3 registration package is submitied.

Thank yon for your time 1 reviewing this information. .

Sincerely,

Michael Braverman, Ph.D

Biopesticide Coordinator

IR-4 Project, Rutgers University
Technalogy Centre of New Jersey

681 ULS. Highway | Sonth

North Brunswick, New Jersey (08902-3390
Tel {732)932-9575 ext 610

FAX (732)932-84%1
bravermangacsop.rutgers.edu

CC: Phil Hutton, Bob Holin, Peter Colty

Enclosiwe- Toxicology Sununary
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Preliminary Summary of Toxicology studies on Aspergillus flavus AF36

Michael Braverman, IR-4 Project March 25, 2002

This is a preliminary summary of the results of toxicology studies of Aspergillus flaviigess
AF36 in bees, birds and rats performed during 2001 and 2002. We are awaiting the ****
reports with detailed information from the toxicology laboratory (Huntingdon Life
Sciences, Ltd. Huntingdon, England). In addition to these studies, through the history af
laboratory research, production of 4. flavus-colonized wheat seed and in field use ofgjyss,
product under the current EUP, there have not been any reporied ill effects. This hab
included manufacturing personnel, field and laboratory staff, and growers and field
workers. Applications of Aspergillus flavus AF36 have been made to commercial fields
since 1996 and a total of over 40,000 acres of commercial cotton in Arizona have begh***,
treated with Aspergillus flavus AF36. Over 400,000 pounds of wheat seed colonized by |
Aspergillus flavus AF36 has been produced at the manufacturing facility in Phoenix.s *.o*
This facility has been developed and built by a partnership between the Agricultural
Research Service of the United States Department of Agriculture and the Arnizona Cotton
Research and Protection Council (ACRPC). The ACRPC is statutory agency of the State
of Arizona and is run by a board of cotton producers appointed by the Govemnor of
Arizona in consultation with the Arizona Cotton Growers Association.

Previously submitted information has documented that Aspergillus flavus is common on
crop and native plants and in soils throughout the areas in which Aspergillus flavus A¥F36
will be applied. Furthermore, it has been documented that Aspergilius flavus AF36 is
ubiquitous in the areas of Arizona and Texas for which Experimental Use Permits have
been requested.

Matertal for Toxicology Studies

For all studies Aspergillus flavus AF36 was produced in the same manner as when
applied to commercial fields for reduction of aflatoxin producing fungi. For the initial
mammalian study conidia were produced on sterile wheat seed in sterile bottles just pnor
to animal dosing. The conidia were washed from the wheat with rigorous shaking in
0.5% Tween 80. In subsequent studies, the avian study and the dose-range study in rat,
the conidia were washed from the wheat in sterile physiological saline. For the bee study,
colonized wheat seed was applied to a commercial cotton field in the routine manner.

Honey Bee Study

A study was conducted by The Bee Group of Washington State University. AF-36
colonized wheat seed was applied aerially at 10 1b product/acre to a 40 acre cotton field
near Eloy Arizona. This is the rate ajways used in treatment of commercial fields. A 40-
acre control plot was also included. Twelve European Honeybee colonies in the plots
were observed for the number of dead bees, number of foraging bees and number of
frames of adult bees from 3 to 30 days after application for a to1al of 24 evaluations.

Researchers used a rating scale in which <100 dead bees/colony /day is considered
normal die off (Non-hazardous). Less than 100 bees died (Maximum 86) in all
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evaluations in the treated plot. Greater than 100 bees died (122 and 114)in the untreated
plots during 2 of the 24 evaluations. There were significantly more dead bees in the
treated plots on three of the ratings. There were significantly more dead bees in the
untreated plot at one of the ratings. There was no significant difference in the number of
bee foragers or frames of bees between the treated and untreated plot. The researchers
concluded that AF36 is non-hazardous to bees and can be applied to cotton in bloom wafii *
minimal hazard.

Avian Inhalation Study ’
Study was conducted by Huntington Life Sciences, England. Thirty Bobwhite Quail E---z .
received five mean daily doses of AF36 at 3.75 x 10° cfu per bird by intratracheal
instillation. Two groups of ten birds were allocated as controls: negative control (five
undosed birds and five birds receiving the vehicle) and a heat-killed control.

There were no treatment-related mortalities. Observations over 35 days showed no s»_ =
clinical signs of toxicity and no treatment-related effects evident in either bodyweight **
change or food consumption. No abnormalities were observed at macroscopic post
mortem examination. Treatment with Aspergillus flavus AF36 produced no toXicity and
no infectivity.

Mammalian Studies

The initial pulmonary rat study which resulted in lethality in a significant number of
animals treated with either the live Aspergillus flavus AF36 in Tween 80 or heat killed
Aspergillus flavus AF36 in Tween 80. Onset of symptoms was rapid after dosing with all
deaths occurring by day four of the study. Al rats surviving to day four of the study
recovered and all rats sacrificed (as scheduled) on day 8 or day 15 of the study had totally
eliminated viable Aspergillus flavus AF36 from the lungs, ceacal contents, and faeces.
There was no evidence of infectivity. The aetiology of deaths was unclear. However, it
is possible that Aspergillus flavus AF36 prepared using Tween 80 caused a severe acute
inflammatory response. Retrospective literature review and consultation with a
toxicologist supported the theory that the responses were a result of a synergism with
Tween 80 and/or of Tween 80 breakdown products formed during preparation of the
spore suspension,

A second rat study was therefore undertaken. In the second study the conidia were both
washed from the wheat and suspended in sterile physiological saline instead of Tween 80.
Animals {2 male and 2 female for each treatment level) were dosed at 0, 10°, 10%, 107,
and 10® colony forming units per rat. There were no clinical signs in any of the treatment
groups considered to be associated with the test substance. Rats were sacrificed at day 8
without treatment associated mortality. No abnormalities were observed in any of the
animals at the macroscopic examination at termination.

Based on these two mammalian studies, we concluded that Aspergillus flavus AF36 does
not present either a toxicological or an infectious risk to mammals,
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United States Environmeantal Protection Agency
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Dr. Michael Braverman, Coordinator
Interregional Research Project No.4
681 US Highway #1 South

North New Brunswick, NJ 08602

Subject: Minutes of Meeting - Section 3 Registration: Aspergifius ﬁav&s AF386

1N

Dear Dr, Braverman:

This letter responds to your letter of June 7, 2002 regarding the minutes of the meeting
held here in Crystal City, May 30, 2002, to discuss the proposed Section 3 registration
of Aspergillus flavus AF36.

The studies needed to complete the package are the mammalian toxicology studies to
demonsirate the pulmonary effects of the active ingredient and the non-target avian
pulmonary and honey bee study. Requests to waive data for other non-target organism
or any other studies to fulfil ecological effects or other guideline requirements must be
submitted in writing and be accompanied by sound scientific rationales.

When setting your goals for the Section 3 registration, please keep in mind that the
approval depends on the timely submission of data as welf as the acceptability of the
submissions. If data reviews identify deficiencies, then supplementary data may be
required to address those deficiencies. Such situations must be factored into your time

line,

With regards to the label, you must consider the Agency's label requirements as
outlined in the label review manual and the 40 CFR and modify the label accordingly.

e
You mention that you were not aware of aflatoxin reduction being a public health issue.
In the Federal Register notice of February 14, 1998, (FR vol. 81, p. 5771) the Agency
published the Notice of Receipt of the application for the Experimental Use Permit as
SB:71693R:7302002:7511C
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being of regional and national significance. Again on June 14, 1996, the discussion of
the granting of the Experimentat Use Permit (FR vol. 61 p. 30235) stated that the use of
the microbial pesticide is intended to "protect public health”. Efficacy data are required
for all.pesticides to mitigate public health hazards.

| trust that the foregoing clarifies the minutes of the meeting. If you have any additional
questions regarding this registration, do not hesitate to email Shanaz Bacchus at
bacchus.shanaz@epa.gov or call her on 703-308-8097.

Sincerel

.
Phit Hutton, Chief

Microbial Pesticides Branch
Biopesticides and Poliution Prevention Division

“ =
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" AGRICHEMICALS "\
NDUSTRY",,

interregional Research Project No. 4
Center for Minor Crop Pest Management

Dr. Janet Andersen June 7, 2002
Biopesticide and Pollution Prevention Division

Environmental Protection Agency

Room 910, Crystal Mall 2

1921 Jefferson Davis Highway

Arlington, Virgima

RE: Aspergillis flavus AF36 PC Code 006456
Minutes of meeting- Section 3 Registration May 30, 2002

EPA Participants- Janet Andersen, Phil Hutton, Shanaz Bacchus, Ga;l Tomimatsu,
Zigfndass Vaituzis, Carl Etsitty

Registrant Related Participants- Peter Cotty-USDA/ARS, Phil Wakelyn, Keith Menchey-
National Cotton Council, Larry Antilla- Anzona Cotton Research and Protection Council,
Chuck Youngker, Arizona Cotton Growers Association, Michael Braverman-IR-4 Project,

Dear Janet:

On behalf of the USDA/ARS, National Cotton Council, Anizona Cotton Council, Arizona
Cotion Growers Association and the IR-4 Project, I would like to thank you and your staff for
raking the time to meet with us to discuss the section 3 registration of Aspergillis flavus AF-36
on May 30, 2002, We were especially impressed with your interest and questions about the
project and its importance to growers and public health, According to my records, the last
Section 3 meeting was held about two years age on June 27, 2000 {copy attached). It appears that
from that previous meeting it was agreed that the studies needed to complste the registration

package were the toxicology studies, which haveHiow been completed. s AC—L—
m + m#\"@ fas o + wwfj

Technology Centre of New Jersey
681 U.S. Highway #1 South - Noath Brunswick, NJ 08902-3390 » 732/932-9573 « Fax: 732/932-8481
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complete the data requirements for Section 3 registration for AF-36 and the timetable for EP
‘review of these data are as follows:

The most important highlights of the-current meeting and our understanding of what is needed to ;
T

A

{,(}L’o{/{)-vgf‘ /\-‘a:eyu-f’
&T

When formally submitted (and assuming they are acceptable), the mammalian, avian and bee
toxicology studies will essentially complete the data requirements for the section 3 registration.

Many parts of the current label language were developed due to the lack of toxicology data and
if justifted, can be modified.

The goal for section 3 registration is February 2003 so that we can avoid the ineffi cz’ency of

having to request and review an additional expansion of the EUP. -2 \’1'_ Syl 2 oy )
:-u,!!&ao-n 5 Nt E-F R {_,c-w i i . FJ* ¢ Feoan j(.._ Clioned ’Ef-tﬁf)‘[rt Ay B

The following are our minutes frOm the current meeting.

Phil Wakelyn made some opening comunents about the importance of this project-to cotton
growers and that this was a grassroots effort, made up of direct interactions among growers, gins
and public agencies. The product is manufactured by the Arizona Cotion Research and
Protection Council {a component of the Anzona Department of Agriculture) and distributed
directly to growers. He also highlighted the fact that there are no chemical alternatives to
aflatoxin management and the agricultural industry weicomed an effective b10pest101de solution.

EPA appreciated the innovative approach and direct grower mvoivement.

Larry Antilia talked about the building of the production facility in Arizona over the last 3 years
and that about 46,000 acres had been treated. Case studies of affatoxin reduction figures on
several farms were reviewed. One farm with approximately 1,000 acres of cotton had previousily
never been able to produce cottonseed below 20 ppb. In 2000, that farm preduced seed with
acceptable aflatoxin contents (<20 ppb) on 82% of its 17 treated fields and in 2001, 86% of
treated fields produced cottonseed with acceptable aflatoxin contents. Chuck Younger gave a
personal perspective on the aflatoxin problem in Anzona and noted that growers have committed
$2.4 miilion dollars to the research program. In addition, it was pointed out that the only means
of mitigation for high aflatoxin levels in seed involves the injection of anhydrous amrnonia,

which is caustic and poses human health risks.

There was a general discussion of the toxicology data {which was unofficially submitted 1n early
May). It was generally agreed that the Tween 80 used in the first mammaiian study was
responsibie for some effects that were not related to AF36 which was confirmed by the second
™ study. The toxicology data constitutes the remaining portion of the registration package to be
_submitted and must be officially submitted before being considered.

*  Many parts of the current label {anguage were developed due to the lack of toxicology data and
if justified, can be modified. The combination of acceptable toxicology data , the lack of an
increase in total Aspergilius and a reduction in aflatoxin producing spores all contribute to a _
favorable risk profl&cil_le to no change in exposure combined with reduced hazard of AF-36 the !
spores to the enwronment Some of the more spec:ﬁc parts to be considered included addmo a
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statement that AF36 can be applied to irmgated fields, removal of the buffer statement, wind
direction statement, modification of the 12 month storage statement statement related to1

inducing vomitmg, and perhaps some others. A nfealt, L8 0T Lo A i R i
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There was general discussion about the distribution of the S stram of 4. flavus with regard to
areas that the section 3 registration would include. Initially the registration would cover Arizona

and Texas.

In the final topic of discussion Phil Hutton questioned the need for a genetic marker test. He
deferred this to John Kough {one of the science reviewers not at the meeting). Peter Cotty
reviewed comuments and data previously submitted on the reliability of the vegetative
compatibility test and the stability of AF36 as a genetic group and its frequent occurrence in the
environment and explained the history and reltability of the vegetative compatibility method. He
indicated that redundant Vegetative Compatibility Testing (VC testing) was a component of the
quality control procedures previously submitted and used in the manufacture of Aspergilius
: flavus AF 33‘[_ersonnel are readily trained to perform VC testing and thousands ef such analyses
o are performed annually in order to assess efficacy of AF36 eatments. A DNA based technique
could not be practically applied in as robust a manner. /Janet Andersen mentioned that a lot of
additional knowledge had been collected since the time the genetic marker test was suggested
and that the redundancy of the QA/QC was probably adequate. Janet also suggested that we try to
submit most of the information in electronic format in addition to the hard copies to facilitate

review,

Now itis up to us to get all of the data in for review 50 that our goal ofsection 3 r‘egistration by

> Was L
— public health issue we assume that should add weight to the benefits consideration and pnonuze
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Biopesticide Coordinator ok, TRV " C O Luoetu€s
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Technology Centre of New Jersey @ M p_Q,Q_,, Lo
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681 U.S. Highway | South cteric oS,
North Brunswick, New Jersey 08502-3390 E{?, Agpery Mg Spr

Tel (732)932-9375 ext 610
FAX (732)932-8481
braverman(@aesop.rutgers.edu

cc: Phil Hution, Shanaz Bacchus, Gail Tomimatsu, Zigfridass Vaituzis, Car! Etsitty, John Kough
Peter Cotty, Phil Wake{yn, Keith Menchey, Larry Antilla, Chuck Youngker, Bob Holm
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Interregional Research Project No. 4
Center for Minor Crop Pest Management

Ms, Shanaz Bacchus and Mr. Phil Hutton

US EPA
BPPD/OPP (7511C)

Crystai Mall No. 2 (Room 902)

1921 Jefferson Highway
Arlington, VA 22202

JUL 11 2000

Subject: Pre-registration meeting on Asperaillus

flavus AF36 on Cotion In_Arizona

Dear Ms. .Bacchus and Mr. Hutton:

Thank you for arranging the meeting at EPA on June 27, 2000. We found the meeting
informative and productive. This letter is to confirm our understanding of the meeting between
the US EPA, the Arizona Cotton Research and Protection Council, the National Cotton Council,
Arizona Cotton Growers, IR-4 and Dr. Peter Cotty of the USDA/ARS. The following people

were present.

USEPA -
Michael Watson

OPP/BPPD

Doug Gurian-Sherman  OPP/BPPD

Zig Vaituzis
Phil Hutton
Shanaz Bacchus
John Kough .

IR-4
Bill Biehn

681 U.S. Highway #! South «

OPP/BPPD
OPP/BPPD
OPP/BPPD
OPP/BPPD

Coordinator

continued ............ ... .....

Technology Centre of New Jersey
+ North Brunswick, NJ 08902- 3390 732/932-9575 « Fax: 732/932-8481
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Page 2
Ms. Shanaz Bacchus and Mr. Phil Hutton (con’t)

Anzona Cotton Research and Protection Coungil

Larry Antilla Staff Director
 Arizona Cotton Growers Association
Chuck Youngker President
USDA/ARS
Peter Cotty Research Plant Pathologist

National Cotton Council
Phtllip J. Wakelyn Senior Scientist

The purpose ofthis meeting was (o discuss additional registration requirements needed
for a full Section 3 registration for atoxigenic Aspergillus flavus AF 36 for use on cotton in
Axizona and the results of Dr. Cotty’s research on the airborne spore levels of flavus in treated
and untreated frelds. Dr. Cotty also presented additional information regarding the widespread
occurrence of A. flavus tn the natural desert habitats tn Arizona as well as other results.

Points Made During Meettne

» Peaks in airbome spore counts of A. flavus occur from September to November. The
number of atrbomne spores of A. flavus in cotton ftelds treated with A. flavus strain AF36
are not stgnificantly defferent from the number of airbome spores of A. flavus in

untreated fields.

*  Acute Pulmonary Toxicity/Pathogenicity Requirement in Mammals.
This study should be conducted utilizing spores of A. flavus AF36. The dose should be
- based on 100 times the maXtmum exposure level possible (i.e. 430 cfwm® x 100 equals

4.5 x 10° cfu/antmal).

«  Avian Acute Pulmonary Toxicity/Pathogenicttv Requirement in Bobwhite Quail.
For AF36, the preferred method of admmistration is vta aerosol inhalatton. IR-4 will
have EPA review the protocol before inttiatton of this study,

+ Honev Bee Testing Requirement - EPA will provide [R-4 with sample protocols and EPA
will review the protocol prepared for AF36 before initiation of this study. A field

exposure study would be adequate.

/"« Avian Acute Oral Toxicitv/Pathogenicity Requirement. EPA indicated that this test could
be waived. A request for a waiver of thts study will be submitted to EPA. Stnce the
avian acute pulmonary toxicity pathogenicity study will be done and since there is an
“oral component’” to the avian inhalatton study, the pulmonary study should be sufficient.
Additional scienttftc rattonale will be provided with the formal submission of a waiver

request for this study.

continued . . ... ... ... . ... ...
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Page 3

Ms. Shanaz Bacchus and Mr. Phil Hutton {con't)

An application for an expanded and extended Experimental Use Permit (EUP) involving
80,000 to 95,000 acres as well as a request for an extension of the temporary tolerance
exemption wiil be submitted to EPA in the near future,

Again, we want to thank you for the meeting. Please inform us of any suggested changes

or additions to the minutes of this meeting. If we don't hear from you in 30 days, we will assume

EPA is

WLBs

in agreement with the above minutes of the meeting.

Sincerely,

o (it LR

William L. Biehn, Ph.D.
Coordinator
IR-4 Project

cc: C. Youngker
L. Antilla
P. Cotty
P. Wakelyn
R. Holm
J. Baron
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Conference Cali with EPA Thursday, March 13%, 2003 at 2:30 PM EST

The following ten individuals are potential participants in conference call from
outside EPA:

Dr. Phil Wakelyn, Senior Scientist, National Cotton Council, Washington, DC
Dr. Michael Braverman, Biopesticide Manager, |R-4, Rutgers University, New
Brunswick, NJ

Larry Antilla, Staff Director, Arizona Cotton Research and Protection Counci,
Phoenix, AZ

Dr. Peter J. Cotty, Research Plant Pathologist, USDA, ARS, SRRC, New
Orleans, LA

Dr. Jane F. Robens, National Program Leader, USDA, ARS, Beltsville, MD
Jeff Nunley, Executive Vice President, South Texas Cotton and Grain
Association, Victoria, TX

Craig Shook, Chairman of the Board, South Texas Cotton and Grain
Association, Victoria, TX

Clyde Sharp, President, Arizona Cotton Growers Association, Phoenix Arizona
Hollis Sullivan, Manager, Valley Cooperative Oil Mill, Harlingen, Texas
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Advances in Utilization of Atoxigenic Strain Technotogy to Manage Aftatoxin in Commercial Cotlon

Larry Anlilia, Staff Direclor, Arizona Colton Research and Pratechion Council, Pheenix, AZ | and Peler J.
Celty, Research Plant Pathologist, USEA-ARS, Southern Regionat Research Center, New Crieans, LA

Ataxigenic strains of Aspergiifus flavus can be highty effective agents for iimiting or preventing
aflatoxin cantamination of Arizana cottonseed. Field tesls in Yuma County, conducted from 1986-1698
esiablished thal applcation of atexigenic strain AF36 on colomized sterde wheal seed was effective at
altering the A. flavus community associated with the trealed crep so thal the furg associated with the
crop had reduced polential to produce aflatoxins. This mod:fication was associated with reductions in the
aftatoxin content of the crop. The Arizona Cotton Growers Association through the Arizona Cotton
Research and Protection Council (ACRPC) iniliated development of a facility 1o manufacture
commesciaily useful quantibes of ataxigenic slrain matenal late in 1998, Design and development of the
manufacturing process, requirad equipment, and facility was undertaken by ACRPC in parinership with
USDAMARS. The facility has gone threugh several development phases and material produced &t the
factily has been applied to commerciai crops since 1989, Collaboralive research between ACRPC and
USDAJARS an the use of atoxigenic strain technology ¢ limil aflatoxin contamination of Anzona
coilonseed conlinues with the goal of developing both a theoretical and practical framewoerk by which
arga-wide reductions in aflatoxin contamination may be achieved. The year 2001 represents the third
season of broad scale commercial utiization of atoxigenic strain technology. The atoxigenic strain used is
Aspergillus flavus AF36, This report addresses progress in the manufacturing, application and evaluation
of atoxigenic sirain technology on cotton in Arizona during 2001,

During the 2001 crog year 2 tolal of eight organized trealment areas rapresenting eleven colton gins
ard {ifty-lwo growers were estabiished in Mohave, La Paz, Yuma, Mencopa and Pinal Counties in
Arizona. A combined tetal of 18,975 seres in all areas received AF36 applicalions with individual areas
ranging fram 988 to 4492 acres. Analysis of the 2001 crop revealed cumulalive effects of large-scale
AF36 treatments. Aspergiffus flavus communities on crop samples from seventy-one (71} randomly
seiected treated fields averaged 62.9% AF36 and anly 1.9% S strain.  Statewide indwidual areas
reflected ihe effects of multi versus firs! year treatments on seed sampies. RolifTexas Hill {85.2% AF36;
4 1% 8}, Slanfleld (70.4% AF36; 1.3% $), and Paloma (85% AF36; 3.3% S) showed consistently greater
AF36 presence on crop than firs! year treaiment sites in Yurna Gila Vailey (53.6% AF38 0% S); Parker
(42.7% AF36, 7.8% S) and Buckeye (59.6% AF36, 0% S). The observed fungal community changes are
particularly significant when cansidering the extent of AF36 applications aver time and space. 2001
lreatrents were most extensive lo date hut represent trealment of only 2% of the tolal available
agricufturat iand mass in the counties affected,

Posilive effects on the zflatoxin conlen! of the crop as indicated by commerciat analyses were
widespread in 2001, in Parker (La Paz Counly) a large biock of colton (3,200 acres} recewed its first
treatment of AF36. Even thought this area was lrealed over 1 month late, at harvest the gin reporied
44% clean seed (below 20 pob). This represented a significant improvement over the 30-year average of
less than 20 percent clean seed. Near Texas Hill {(Yuma County) a new treatment area was established
in another area with habitually tugh contamination. Analysis of the harvested crop showed & very high
incidence of AFF36 and comimercial lexin analysis indicated seed aflatoxin content befow 10 ppb. In Pinal
County, prior to the iniliation of AF36 lreatments one farm in the Stanfield area had not produced clean
seed in 30 years, By the second year of treatments {2000} fourteen of seventeen felds (82%) tested
betow 20 ppt. In 2001 after a third year of AF36 applicalions 85% of the tields were below 20 ¢pb. As a
result the grower was gble lo denive an economic advantage thirough the sale of clean seed.

improverents to manufactuning processas and facitities were made in 2002. These improvements
resuited in increased product enifermity and improved product auality. Stabilization of incubatien
procecures were the most signiticant corrective measure. Incubation conditions will be oplimized during
2003. Improvements to facilities for product drying were also designed in 2002 and are cufrently being

fabricated.,

Proceedings of the 2002 Aflatoxin Elimenation Workshop, San Antonio, Texas, Octaber 22nd-25th, 2002
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Further Comments on the Efficacy of Aspergillus flavus AF36 in Response to
Questions received March 10, 2003, from USSEPA, OPP, Biopesticides and
Paollution Prevention Division

Peter J. Cotty, Ph.D., Research Plant Pathologist, USDA, ARS, SRRC, New
QOrleans, LA 70124. Phone: 504-286-4391

Michael Braverman, Ph.D., Biopesticide Manager, IR-4, Rutgers University, New
Brunswick, NJ 08902. Phone: 732-932-8575

Applications of Aspergilius flavus AF36 seek to alter the A. flavus communities
resident in agricultural fields so that the non-aflatoxin {(atoxigenic) strain AF36 is
more common and highly toxigenic strains (such as the S strain) are less
common. This results in reductions in the average aflatoxin producing potential
of A. flavus communities associated with treated crops and resident in treated
fields.

These are the activities we claim for the product Aspergilius flavus AF36. We
do not claim to reduce affatoxin content to any given level. In some areas
and years, aflatoxin content may exceed 2,000 ppb in the seed and & fairly
successful displacement {80%) would only be expected to achieve a reduction to
a level in excess of 400 ppb. Yet, in many cases, the industry and particularly
the producer living on the farm, would view this as advantageous.

Aflatoxin contamination of cottonseed is monitored in several ways in different
areas. In general, it is carefully monitored going into dairy markets. The FDA
does not perform this monitoring, although they may do spot checks. Industry
performs the analyses. Aflatoxin content of the milk is often monitored carefully
and if toxin is detected {at 0.3 ppb) the dairies begin looking for the source
(usually corn, cottonseed, or milo}, If toxin exceeds 0.5 ppb, the milk must be
dumped and the dairy is placed on guarantine. The liability for this generally lies
. on the provider(s}) of the feed.

The FDA has different action levels for cottonseed going into different markets:
=  Coftonseed may only contain 20 ppb to be used for dairy catile.
»  Cottonseed containing up to 300 ppb can be fed at beef feedlots {i.e. for
finishing cattle).
e Coitonseed meal intended for beef cattle, swine or pouliry may contain up
to 300 ppb aflatoxin.

Even coftonseed exceeding 300 ppb often has markets. It may be sold to an oil
mill where the crush must be carefully monitored to maintain meal below 300
ppb. This seed may be sold to cottonseed brokers that ammoniate the
contaminated seed to reduce contamination or it may be sold to markets where
vegetable proteins are so highly valued that process methods for dealing with
aflatoxin contaminated seeds have been develop (i.e. certain Mexican markets).
The aflatoxin content of each lot of seed sold into these markets is generally
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known and identified. The quantity of aflatoxins influences the value of the seed.
It is more difficult to ammoniate seed that exceeds 2,000 ppb than seed that is
only 400 ppb. Seed with lower aflatoxin may be more valuable in secondary
markets such as Mexico. Seed with lower aflatoxin is more likely to produce
meal with aflatoxin contents acceptable for some uses.

It is not unusual for aflatoxin contents to vary by several orders of magnitude
between adjacent fields and across adjacent years. Thus it is not feasible to
assess the impact of applications directly on aflatoxin contents. Instead we rely
on measurements of successful displacement and on the experience of
participating gins and producers. Typically, initial areas to be treated are those
that have the severe problems with contamination. An example of this was the
first farm we treated in 1996 that had 7,000 ppb the previous year. This
selection of fields to participate by producers and gins further complicates the
toxin view. Nevertheless, we can and have accurately measured displacement
of aflatoxin producers and increases in the incidence of the non-aflatoxin
producing AF36 on crops and in soils through both the use of repeated
measures tests and analysis of variance in replicated trials. The relationship of
this displacement to reductions in contamination has been proven in laboratory,
greenhouse, and field-plot tests. In commercial field tests, models using
cottonseed oil free fatty acid content as a measure of weathering have also
supported this relationship.

See report entitied "Report on Results of Experimental Program on the use of
Atoxigenic Aspergilius flavus strain AF36 on Cotton Performed Under
Experimental Use Permit 6§9224-EUP-1: Influences Applications on Communities
of A. flavus Resident in the Soil of Treated Fields and Assessment of Stability of
the Atoxigenic Phenotype of Aspergillus favus™ (no MRID assigned). Efficacy
data can also be found in MRID 43763405  Cotty, P. Hartman, C. (1995)
Aspergillus flavus Isolate AF36: Product Performance Data.

We are concerned over potential delays in reviewing the newly requested data.
We are open to other ways in which to bring this review to a conclusion. While
we do not view this as a public health pesticide we can also amend the label to
remove the statements pertaining to reductions in aflatoxin and change the label
claims only to include disptacement of Aflatoxin producing strains of Aspergillus
flavus. By removing the claim for reducing aflatoxin, AF36 should certainly not be
considered a public health pesticide so there is no need to review the efficacy
data and the review can be brought to a conclusion. If efficacy is reviewed, it
should be based on the reduction of toxigenic strains.

The above mentioned report provides extensive evidence for the efficacy of
Aspergillus filavus AF-36 in reducing the proportion of the A. flavus
community composed of the S strain. The S strain produces very high
aflatoxin quantities and is a very significant component of the A. flavus
community in both Arizona and South Texas. Information on the efficacy of
AF-36 in modifying A. flavus communities in Texas follows.

Efficacy of Aspergilfus flavus A?SG in Texas: Results of Field Tests on the 2000
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and 2001 Commercial Cottonseed Crops.

Peter J. Cotty

Research Plant Pathologist
USDA-ARS-SRRC

P.O. Box 19687, New Orleans, LA 70124
504-286-4391

In order to assess efficacy of soil applied Aspergillus flavus AF36 in South
Texas, field tests were performed in commercial cotton fields at 9 locations
throughout South Texas. Tests extended from Rangerville in the Lower Rio
Grande Valley area to El Campo in the Upper Coast area.

Locations of South Texas Fieid Tests in 2000 and 2001
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For each test from 0.5 to 1.0 acre of cotton was treated by hand by sprinkling
the standard wheat seed formulation of Aspergilius flavus AF36 on the soil at the
standard rate of 10 Ib.facre. In all tests multiple atoxigenic strains of A. flavus
native to South Texas were evaluated. All strains were applied to the same area
at the same rate in order to observe competition among strains and differences
among strains in efficacy. Efficacy of atoxigenic strains at displacing the highly
toxigenic S strain and other native strains was assessed by characterizing the
communities of fungi associated with the mature crop in both treated areas and
in untreated control areas separated from the treated areas by 20 rows of
untreated cotton (see field test design below).
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South Texas Field Test Design
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Long-term influences of atoxigenic strains of A. flavus have been observed in
Arizona, Comparing the communities of fungi resident in the soil just prior to
treatment with the community present one year after treatment typically is used
to assess this. Such comparisons determine if influences of treatments can be
expected to provide a benefit {0 the environment and crops the second year by
reducing the average aflatoxin producing potential of fungi resident in the field
across multiple years. The potential for long-term influences of atoxigenic strain
applications in South Texas was determined by analyzing the composition of the
A. flavus communities in the soil of treated plots prior to treatment, with the
community structures one year after treatment. Similar comparisons were made
contrasting soil in the untreated control plots.

316




i Competstlon amcmg 3 A. ﬂavus Strams in Treated & Contrei Plots [

L | 2000= average resu!ts from 3 trlals 2001 = average results from-2 trla!s

_ 50 ,

l ' L Harﬁngen Ef Campo&Tynan Co 70 Taft & Port Lavaca '

o m 2000 Crop ,,‘_5,160 ~ 2001 Crop .l

I = :

|'. 5_3{}- S ~s§. ‘.. .

L8 ¥ T 1.6 40t

.8 o IR -

: "'E.dd.. L. i 1|1=L 5 | I.E, R ; l . ]
g1 ——J“ LN £ | ] 1 ,

I SR - % K

¥ 0 Hhcncsmions "‘.‘ﬁ""'""_-’.L L IR A % i

] . AF3§ "o BK'-STOR- AF36 ;. BK  §TQ2 |

o Asperg.'!lus ﬁavus Stram ' -

Sctld (Rnght) =, treateci p!ot Str!ped {Left) contro!s 20: rows from treatment area

it mmaniarin O P ......‘..,.!....._.._..... PR ..,..:.l.._.......‘ L P A

In all tests, AF36 also demonstrated the ability to spread within treated fields
across untreated areas. This activity has repeatedly been observed in Arizona
and is an aspect of the efficacy of AF36 in displacing aflatoxin producers. The
"goal of AF36 applications is to modify A. flavus communities sc that they have a
lower potential to produce aflatoxins. The tests in Texas demonstrate great

~ efficacy of AF36 in achieving that goal.
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In these studies, three atoxigenic strains (AF36, BK, and ST02) were applied to
the treatment area. Incidence of AF36 on treated crops in 2000 and 2001
demonstrate efficacy of Aspergillus flavus AF36 at displacing aflatoxin producers
during crop colonization.
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Both AF38 and the other two-atoxigenic strains evaluated were effective at
spreading from the applied product to the crop and displacing aflatoxin
producers during the process. Each strain was.applied a single time at 10
pounds per acre. AF36 was the most effective strain in these tests. All strains
had efficacy in displacing resident aflatoxin producers.
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An important aspect of the efficacy of AF36 in Arizona is the ability of
applications to make changes to the composition of A. flavus communities in
soils that are detectable even the season after application. This allows the
possibility of inducing long-term reductions in the aflatoxin-producing potential of
A. flavus communities resident in fields and thus provides the potential to get
additive reductions over time. This allows for long-term reductions in the quantity
of aflatoxins in crops and in the environment.

Tests performed in Texas in 2000 and 2001 demonstrated excellent efficacy in
producing long-term influences of atoxigenic strain applications similar to those
seen in Arizona.
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Three tests in 2001 were also performed in which 8 atoxigenic strains were
compared for efficacy in ability to competitively exclude aflatoxin producers.
Aspergillus flavus AF36 demonstrated superior efficacy in these trials as well.
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*Personal privacy information®

Peter Cotty Ter LAntila@AZcotton.com, PWAKELYNGcotton.org, Shanaz
<picotty@srrc.ars.usd Sacclus/DO/USEPAUSEERPA, Phd Hutton/DC/USEPAZUS@EPA
a.gov> ce bBraverman@dAESOP RUTGERS.ECU, Jane Robens
% o <IFREARS USDA GOV, jane RHobens
03/12/03 12:59 PM <jane. Robens@MPS. ARS USDA.GOV:, huniey@sicra.org
Subect: Phone Conference at 2:30 PM EST Thursday Mareh 130

Dr. ¥akelvn asked me co forward the attached list of expected participants in
nf 2 gall we will hold tomorrow afternoo:n.

Dy. Wakelyn will travel to PFPhil Hutton's office and join the conference call

1ml igg abt 2::0 PM EST to _ the conference code is

Thank you.

-~ Pater.

Peter J. Cotty., Pa.D.

#egeaych Plant PRathologist

Southern Reglonal Research Ceater
hgricultural Research Bervics

United Btates Deparbtment of Agriculture
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Gail Tomimatsu Ta: Phit Hutton/DC/USEPA/US@EPA
. ce: Carl Etsitty/DC/USEPA/US@ERPA, Dennis

03/07/03 02:09 PM Szuhay/DC/USEPA/US@EPA, Janet
Andersen/OC/USEPA/US@ERA, John
Kough/DC/USEPA/US@EPRA, Shanaz
Bacchus/DC/USEPA/US@ERA, Zigfridas
Vaituzis/DC/USEPA/US@EPA

Subject: Re: Aspergitlus flavus AF36..FYI/Data Waivers, TXE

Phil, et al.

At this point, | would agree with your guesstimate of 2-4 weeks review time for the 30 page
efficacy data. 1 have not seen efficacy data (i.e., measurement of aflatoxin levels/reductions from
harvests of treated vs untreated cotton fields.) for the EUP/registration.

However, | sort of recall John expressing some concern over the "scanty” efficacy data that had
been submitted in the past.

i agree with your advice for them to take AZ for now and add big TX ilater. | think their currant
EUP “runs” until Dec. 2004, but i'm not sure of the amount of acreage in Texas.

Hope this heips,

g
FPhil Hutton
2 Phil Hutton Ta: Shanaz Bacchus/ODC/USEPA/US@ERA
. cc: Carl Etsitty/DC/USEPA/US@EPRA, Dennis
ﬂ 03/07/2003 01:55 PM Szuhay/DC/USEPA/US@ERPA, Gail

Tomimatsu/DC/USEPA/US@EPA, John

Kough/DC/USEPA/US@EPA, Zigfridas

Veituzis/DC/USEPA/US@ERA, Janet Andersen/DC/USEPA/US
Subject: Re: Aspergillus flavus AF36..FYl/Data Waivers, TX[E)

A late efficacy data submission is going to delay the registration process, I'd say by at least two
weeks, possibly 4 (Gail-agree?). We were originally looking to finish this whole thing up by the
rriddie of april (ready for signature, not necessarily signed off). Now | would say more like the end
of april at the very best, middie of may more likely. The aiternative would be for them to take the
AZ only which is supported and seek the addition of TX as an amendment for later. This would
save them some time. 1t would be much faster to do the AZ only and expand the TX EUP to more
acres (can do 5000 practically administratively with only Janet's signature), and | bet Jim Jones
would quickiy sign larger (up to 20K}y acres. We need to get this information to the applicant so
they understand what is involved as it may mess up their application timing to have to wait the
extra time to get the new data reviewed.

Shan- cotton council is calling me daily, but | don't like responding to them until we have informed
the official applicant. |f you can call IR-4 (representing AZ cotton growers), | can call Phil

Wakelyn. Or,maybe better, we can arrange a conference call for all three on Monday (you ¢an call
in from flexiplace if we ¢an get the lines).

Phil
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Gail Tomimatsu To: Shanaz Bacchus/DC/USEPA/US@EPA
) cc: Carl Etsitty/OC/USEPA/US@EPA, Dennis
03/10/03 08:33 AM Szuhay/DC/USEPA/US@EPA, Janet
: Andersen/OC/USEPA/US@EPA, John
Kough/0C/USEPA/US@EPA, Phil Hutton/QC/USEPA/US@EPA,
Zigiridas Vaituzis/DC/USEPA/US@EPA
Subject: Re: Soil/air/ efficacy for AF36 and updates for review; other
thoughtsﬁﬂ

Shawn,

Thanks for all your updates and messages on Friday.

in answer to your question: Would you prefer to look at the study MRID 453072.02 or the
published paper? | prefer not to look at either study unless necessary. Portions of
MRID 453072-02 were acceptable for estimating "background fevels” of AF36
(atoxigenic Aspergillus) and total populations of Aspergillus flavus (atoxigenic +
toxigenic Aspergiilus flavus), However, as | recall, there were no data regarding
aflatoxin analyses. This study was not a guideline study, and was useful to
determine appropriate dosage levels of A36 for the avian inhalation study (per
memorandum of Tomimatsu and Vaituzis, 2001:"Review of Protocol for Testing the
Toxicity/Pathogenicity of the MPCA, Aspergrilus flavus Strain AF36 (Chemical No.:006450) to
Avian Species: DP Barcode:D274694; Case No:03976; Submission:S$596777; ID #:
069224-EUP-001)"). The 2001 review is a 3 page memorandum which provides
comment on IR-4's proposed avian inhalation study; a DER was not written for
this particular review, because of time constraints. | think it is an inefficient use
of our time to review this MRID again.

| will be unable to "look at' the recent (7) efficacy study until late Tuesday. As Phil
and | discussed {(via e-mail on Friday), it could take 2 to 4 weeks to review these
studies. And, we are uncertain as to whether or not aflatoxin reduction was
demonstrated in the data. As many of us are aware, aflatoxin levels are extremely
ficklie, and are largely dependent on environmental factors more so than
population levels of Aspergillus flavus (in total). :

gail




Gail Tomimatsu To: Shanaz Bacchus/DC/USEPA/US@EPA
. ce: Carl Etsitty/DC/USEPA/US@EPA, Dennis

03710703 08:33 AM Szuhay/DC/USEPA/US@EPA, Janet
Andersen/DC/USEPA/US@EPA, John
Kough/DC/USEPA/US@ERPA, Phil Hutton/DC/USEPA/US@EPA,
Zigfridas Vaituzis/DC/USEPA/US@EPA

Subject: Re: Soil/air/ efficacy for AF36 and updates for review; other

thoughts{d)

Shawn,

Thanks for all your updates and messages on Friday.

In answer to your question: Would you prefer 1o look at the study MRID 453072.02 or the
published paper? | prefer not to look at either study unless necessary. Portions of
MRID 453072-02 were acceptable for estimating "background levels” of AF36
(atoxigenic Aspergillus) and total populations of Aspergilius flavus (atoxigenic +
toxigenic Aspergillus flavus), However, as I recall, there were no data regarding
aflatoxin analyses. This study was not a guideline study, and was useful to
determine appropriate dosage levels of A36 for the avian inhalation study (per
memorandum of Tomimatsu and Vaituzis, 2001:"Review of Protocol for Testing the
Toxicity/Pathogenicity of the MPCA, Aspergillus flavues Strain AF36 (Chemical No.:006456) to
Avian Species: DP Barcode:D274694; Case No:03976; Submission:S596777; D #:
069224-EUP-001)). The 2001 review is a 3 page memorandum which provides
comment on IR-4's proposed avian inhalation study; a DER was not written for
this particular review, because of time constraints. | think it is an inefficient use
of our time to review this MRID again.

| will be unable to "look at" the recent (7) efficacy study until late Tuesday. As Phil
and | discussed (via e-mail on Friday), it could take 2 to 4 weeks to review these
studies. And, we are uncertain as to whether or not aflatoxin reduction was
demonstrated in the data. As many of us are aware, aflatoxin levels are extremely
fickle, and are largely dependent on environmental factors more so than
population levels of Aspergiflus flavus (in total).

gail
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Gail Tomimatsu To: Shanaz Bacchus/DC/USEPA/US@EPA
. ce: Zigfridas Vaituzis/DC/USEPA/US@EPA, Joel
02/26/03 03:50 PM Gagliardi/ DC/USEPA/US@EPA
: Subject: A, flavus AF36 on cotton

Shan,

How is the BRAD developing?

A quick scan of the table | provided you several months ago (and below for Joel's benefit), in
preparation for your meeting with [R-4 (| was unable to attend) and potential BRAD development
indicated a number of ecological test waivers absent (freshwater fish andaquatic invertebrates,
estuarine and marine animal testing and possibly an avian oral study, pending review of the avian
inhalation study (received from the contractor recently).

Are these waivers forthcoming?

thanks,
g
v

bW,

EcoReqTable(6-2002.wp
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*Personal privacy information”

Shanaz Bacchus

Shanaz Bacchus Ta: Gail Tomirnatsu/OC/USEPA/US@ERA, Zigfridas
; ; Vaituzis/OC/USEPA/US@EPA, John Kough/DC/USEPA/US@EPA,
03/07/03 11:05 AM
AOTER3 TG Carl Etsitty/DC/USEPA/US@EPA
ce: Dennis Szubay/DC/USERPA/US@EPA, Phil
Hutton/DC/USEPA/US@EPA
Subject: Re: Aspergilius flavus AF36. FYi/Data Waivers, TX(

Discussion with Mike Braverman, as Phil suggested:

1. Apparently Peter Cotty does have efficacy data for TX. By mid next week, ine will be sending
{by FEDEX) the 30 page paper which is in the publicaticn stages. Peter has to write up a brief
summary and the forms have to be signed by Larry Antilla. They are trying their best not to use
an EUP in TX this year, and tigure that the TX efficacy data will be acceptable to us.

2. Gail, in view of this development, can you do the avian inhalation review first, then the data
waiver (DW) reviews? Do you want Joel to nelp with the extra reading of the paper and write-up for
the DW review? 1 looked at the DW submission... looks iike the same rationale was repeated for all
the requests, then some nuances for each specific guideline.

3. Carl, Jonn, a formal form capturing the data walver requests, wihich have already been granted
for the health effects for the EUP, will alsc be submitted next week.

Flease remember, that most of the DW requests have already been reviewed and that you only
nead to look at the new material which is coming in. | am just tying up loose ends for the records
by getting themn to include these formal requests as Phil, Zig asked me to de.

[ had given you packages of the DERs which have been previously used for the issuance of the

_EUP. If you need any other information, de let me know, | will he working at horre

n Monday, but can access my email and voicemail.
Thanks
shawn
Phone: 703-308-8097
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Gail Tomimatsu
03/07/03 12:30 PV

yes, thank you.

To: Shanaz Bacchus/DC/USEPA/US@EPA
cel
Subject: Re: papers for docket. .AF36[)
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Gail Tomimatsu To: Shanaz Bacchus/DC/USEPA/US@EPA
. ec: Zigfridas Vaituzis/DC/USEPA/US@EPA, John

03/07/03 12:11 PM Kough/DC/USEPA/US@EPA, Phil Hutton/DC/USEPA/US@EPA,
Carl Etsitty/DC/USEPA/US@EPA, Dennis
Szuhay/BC/USEPA/US@EPA, Joel
Gagliardi/BC/USEPA/US@EPA, Alan
Reynolds/DC/USEPA/US@EPA

Subject: papers for docket.., AF36

Shawn,
Possible response needed, please: Phil, John and/or Zig
FY!: Dennis, Carl, Alan and Joe!

With respect to the stack of papers (i assume they were sent by the Cotton Councit, and are
available in the public literature) that you wanted to give me on Wednesday, i had another
thought/question, post-meeting. Perhaps Phil, John, and Zig can provide some guidance on how
to handle these iterms; something like a section for unreviewed submissions, or public comments
(i seem to recall that we've handled similar submissions for the Bt Crops in this manner). Some
of the submission might have relevance to each of the hazard chapters.

| would like 1o take a quick ook (at a minimum) at these papers, after all. At our meeting on
Wednesday, | wanted to focus only on the materials that needed secondary review immediately
before writing the hazard assessments. [f you've given the papers to Joel that's okay with me.

Maybe | can take a quick look sometime next week--perhaps Tuesday or Thursday (7).

Thanks everyone for your advice and help.
gail

p.s.: Shawn in response to your questions sent today: 2 can you do the avian inhalation review
first, then the data waiver (DW) reviews? i hope to finish the peer reviews next week,

Do you want Joel to help with the extra reading of the paper --what paper? and write-up for the
DW review? Unless Zig V. and Phil thinks that this idea will save time, | feel that the plans we
discussed on Wednesday shouid stand. The "Eco data” table | sent you a few days ago should help
clarify some of your questions. Joel is certainly welcome to look over the waiver rationale sent in
electronically, however. By the way, [ understood that these wili not have MRIDs. How are we to
refer to these waiver rationales in the risk assessment chapters and BRAD?
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Gail Tomimatsu To: Shanaz Bacchus/DC/USEPA/US@EPA, Alan
. Reynolds/DC/USEPA/US@EPA
03705703 01:44 PM oc: Joel Gaglierdi/DC/USEPA/US@EPA, Zigfridas
Vaituzis/DC/USEPA/US@EPA, Dennis
Szuhay/DC/USEPA/US@EPA, Phil Hutton/DC/USEPA/US@EPA,
Carl Etsitty/DC/USEPA/US@EPA
Subject: Aspergillus flavus AF36..FYl and thank you..eco-risk assessment...

Shawn and Phil,
Thanks for bringihg everyone up to speed this morning, and providing an “idea” of next steps.

To make sure we are on the same page (more or less), please note and comment on the following
“action items" with respect to the secondary review of the 3 eco-studies, several test waiver
rationaltes and the ecological risk assessment.

MRID # 45798102 (Avian inhalation test): secondary review to be performed by GST

MR{D # 45739103 Supplemental Information for Endangered Avian species (Plover): secondary
review to be performed by GST

MRID # 45739102 Field Testing of Pollinators and Honey Bee Testing: secondary review o be
performed by Alan Reynolds (since Robyn is on AL); he believes he can get to it the first of next
week.

Data Waivers: GST will do the primary reviews, Joel G. can "peer review" (for his training)

| hope to have the ecorisk assessment {more or less complete) by March 28. Zig, would you want
some time before then to peer review?

Comments/Corrections?
Alan and Zig--thanks for your help!
Thanks,

g
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Gail Tomimatsu To; Shanaz Bacchus/DC/USEPA/US@EPA

ce!
02/27/03 10:08 PM Subject: Re: rough draft/AF36[3

Thanks, Shant
we'll "plow" through it next week, =D

This should be helpful in our discussion on Wednesday.

g
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Gail Tomimatsu To: Shanaz Bacchus/DC/USEPA/US@EPA
i cc: Phil Hutton/DC/USEPA/US@EPA, Dennis
02/27/03 08:31 AM Szuhay/DC/USEPA/US@EPA, Zigiridas
Vaituzis/DC/USEPA/US@EPA, Joel
Gagliardi/DC/USEPA/US@EPA
Subject: A. flavus AF36

Shan,

Just a heads up on the meeting next week, which | had extended an option to attend. Please try
to attend, so that we can brief Dennis, Zig and | on development of the risk assessment and
BRAD. Joel would like to sit in on the meeting, but he will not peer review the 3 studies,

Please let me know if the time is inconvenient for you, and whether you believe 45 minutes will be
sufficient for the briefing. | reserved the small conference rcom from 9:15 to 10 am

Thanks,
gail
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Gail Tomimatsu To: Shanaz Bacchus/DC/USEPA/US@EPA
‘ ce Zigiridas Vaituzis/DC/USEPA/US@EPA, Joel
02/26/03 03:50 PM Gagliardi/DC/USEPA/US@EPA
Subiject: A. flavus AF36 on cotton

Shan,

How is the BRAD developing?

A quick scan of the table | provided you several months ago (and below for Joel's benefit), in
preparation for your meeting with 1R-4 (! was unable to attend) and potential BRAD development
indicated a number of ecological test waivers absent (freshwater fish andaquatic inveriebrates,
estuarine and marine animal testing and possibly an avian oral study, pending review of the avian
inhalation study (received from the coniractor recently).

Are these waivers forthcoming?

thanks,
g
v

o,

EcoRegTable06-2002.wp
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Gail Tomimatsu To: Shanaz Bacchus/DC/USEPA/US@EPA
_ cc: Phil Hutton/DC/USEPA/US@EPA
02/25/03 03:05 FM Subject: Re: Good news/moare AF36[Z)

Shawn,

we have another chinese fire drill that takes precedence now.
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Gail Tomimatso
02/25/03 03:04 PM

To: Shanaz Bacchus/DC/USEPA/US@EPA
ce:
Subject: Re: Good news/more AF36[H]
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Gail Tomimatsu To: Shanaz Bacchus/DC/USEPA/US@EPA
) ce: Carl £sitty/DC/USEPA/US@EPA, John :
02/13/03 04:57 PM Kough/DC/USEPA/US@EPA, Phil Hutton/DC/USEPA/US@ERA,
Zigfridas Vaituzis/DC/USEPA/US@ERPA
Subject: Re: Good news/more AF36[Y

o

Shawn,

Thank you for the reviews which | found on my chair, not on my shelf as you indicated in your
message. ' .

Approximate timeline; 2-4 weeks; as i have 2 other microbial pesticides that | am currently
working on, in addition to the BiCry3Bb BRAD, response to comments.

Have they applied for an extended EUP?

g
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Gail Tomirﬁatsu To: Carol Frazer/DC/USEPA/US@EPA

i cc: OPP BPPD
01/29/0303:18 PM Subject: Re: Endangered Species?@

Caroi,

Piease add Piant incorporated Protectants : in the paragraph from Zig's earlier comments
regarding endangered species assessments and evatuation of exposure potential {o intended
applications of MPCAs AND the Plant Incorporated Protectants (EUPs and registrations):

"microbial pesticides (Pips risk characterization and assessment follow that of current guidelines
for microbial pesticides) are mostly species specific, we also take a look at the habitat of the
endangered species that are phylogenically related to the target pest to see if there is an overlap of
the breeding and feeding habitat with the crop that the MPCA and Plant incorporalaed
Protectants will be used on, or planted in. Most of the crops that our a.i.’s are used on do not
overlap with endangered species habitats (have not overlapped to date} so we can make a
no-effect finding on the basis of no exposure. ”
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Gail Tomimatsue Tao: William Schneider/DC/USEPA/US@ERA, Russell
) Jones/DC/USEPA/US@EPA

01/22/03 10:19 AM cc: Alan Reynolds/DC/USEPA/US@EPA, Anne
Ball/DC/USEPA/US@EPA, Barbara
Mandula/DC/USEPA/US@EPRA, Chris
Wozniak/DC/USEPA/US@ERA, John Kough/DC/USEPA/US@EPRA,
Linda Hollis/DC/USEPA/US@EPA, Mike
Mendelsohn/DC/USEPA/US@ERA, Phil
Hutton/DC/USEPA/US@EPA, Robyn Rose/DC/USEPA/US@EPA,
Shanaz Bacchus/DC/USERPA/US@EPA, Sharlene
Matten/DC/USEPA/US@ERA, Susanne
Cerrelli/DC/USEPA/US@EPA, Suzanne
Krolikowski/DC/USEPA/US@EPA, Zigfridas
Vaituzis/DC/USEPA/US@EPA

Subject: Re: Dnly the best! - or - microbial mushi[H

Require efficacy data on poop soup?

Efficacy data as Barbara points out is not a FIFRA requirement (at the time of submission), unless
the pesticidal products make public health claims. Getting efficacy data for these "pesticides’,
e.g., poop soup, bugs-in-a-jug, snake oils, is very difficuit-- even though one might believe it wouid
be in the best interests (from a marketing/liability perspective) for a manufacturer to keep frack
of his/her products and their claims.

We can say that the "efficacy data” is necessary for us to establish use patierns; whereby we might
be able to do a (less than scientific) risk assessment. There is 2 mechanism in FIFRA which |
think might allow us to request efficacy data, but the manufacturer has to justify their case that it
is the public's benefit (sic, "in the public's interest”) fo use their "pesticide” . it wouid aiso be
incumbent upon them to make the case that the use(s) of their product will not cause adverse
risks to human heaith and the environment. This is a "public-interest” finding; and could use a
considerable amount of resources (time and FTEs), which this Division is seriously in ack of.

] agree with Zig: Let those potential registrants go through the "painstaking” regulatory process
just like the other producers. | predict we wili have to do a lot of "waving” (purposely misspelied}).

If we exempt these products from FIFRA, we might be opening ourselves up to generic labelling,
such as: a buyer beware clause {"caveat emptor”; user/consumer alert) that this product, while
"registered with/regulated by" the EPA has not been fully evaluated for human heaith or
environmental risks. Add to that, some statement that the product may not provide the expecied
pest controf for all situations. | think that such statements could undermine our present and
future capabilities as a "lead” Agency with Federal authority (sic oversight) to protect human
health and the environment by "permitting” poliution of intended use sites with microbial mush
which is probably present.

I ajso will be unable to attend your meeting.
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Further Comments on the Efficacy of Aspergillus flavus AF36 in Response to
Questions received March 10, 2003, from USSEPA, OPP, Biopesticides and
Pollution Prevention Division

Peter J. Cotty, Ph.D., Research Plant Pathologist, USDA, ARS, SRRC, New
Orleans, LA 70124, Phone: 504-286-4391

Michael Braverman, Ph.D., Biopesticide Manager, IR-4, Rutgers University, New
Brunswick, NJ 08902, Phone; 732-932-8575

Applications of Aspergilius flavus AF36 seek to alter the A. flavus communities
resident in agricultural fields so that the non-aflatoxin (atoxigenic) strain AF36 is
more common and highly toxigenic strains {(such as the S strain) are less
common. This results in reductions in the average aflatoxin producing potential
of A. flavus communities associated with treated crops and resident in treated
fields.

These are the activities we claim for the product Aspergilius flavus AF36. We
do not claim to reduce aflatoxin content te any given level. Insome areas
and years, aflatoxin content may exceed 2,000 ppb in the seed and a fairly .
successful displacement (80%) would only be expected to achieve a reduction to
a level in excess of 400 ppb. Yet, in many cases, the industry and particularly
the producer living on the farm, would view this as advantageous.

Aflatoxin contamination of cottonseed is monitored in several ways in different
areas. In general, it is carefully monitored going into dairy markets. The FDA
does not perform this monitoring, although they may do spot checks. Industry
performs the analyses. Aflatoxin content of the milk is often monitored carefully
and if toxin is detected (at 0.3 ppb) the dairies begin looking for the source
(usually corn, cottonseed, or mila}. If toxin exceeds 0.5 ppb, the milk must be
dumped and the dairy is placed on guarantine. The liability for this generally lies
on the provider(s) of the feed.

The FDA has different action levels for cottonseed going into different markets:
» Coftonseed may only contain 20 ppb to be used for dairy cattle.
s  Coftonseed containing up to 300 ppb can be fed at beef feedlots (i.e. for
finishing cattle).
s  Cottonseed meal intended for beef cattle, swine or poultry may contain up
to 300 ppb aflatoxin.

Even cottonseed exceeding 300 ppb often has markets. It may be sold to an oil
mill where the crush must be carefully monitored to maintain meal below 300
ppb. This seed may be sold to cottonseed brokers that ammoniate the
contaminated seed to reduce contamination or it may be sold to markets where
vegetable proteins are so highly valued that process methods for dealing with
aflatoxin contaminated seeds have been develop {i.e. certain Mexican markets).
The aflatoxin content of each lot of seed sold into these markets is generally
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known and identified. The guantity of aflatoxins influences the value of the seed.
It is more difficult to ammoniate seed that exceeds 2,000 ppb than seed that is
only 400 ppb. Seed with lower aflatoxin may be more valuable in secondary
markets such as Mexico. Seed with lower aflatoxin is more likely to produce
meal with aflatoxin contents acceptable for some uses.

It is not unusual for aflatoxin contents to vary by several orders of magnitude
between adjacent fields and across adjacent years. Thus it is not feasible to
assess the impact of applications directly on aflatoxin contents. Instead we rely
on measurements of successful displacement and on the experience of
participating gins and producers. Typically, initial areas to be treated are those
that have the severe problems with contamination. An exampie of this was the
first farm we treated in 1996 that had 7,000 ppb the previous year. This
selection of fields to participate by producers and gins further complicates the
toxin view. Nevertheless, we can and have accurately measured displacement
of aflatoxin producers and increases in the incidence of the non-aflatoxin
producing AF36 on crops and in soils through both the use of repeated .
measures tests and analysis of variance in replicated trials. The relationship of
this displacement to reductions in contamination has been proven in laboratory,
greenhouse, and field-plot tests. in commercial field tests, models using
cottonseed oil free fatty acid content as a measure of weathering have also
supported this relationship.

See report entitied “Report on Results of Experimental Program on the use of
Atoxigenic Aspergillus flavus strain AF36 on Cotton Performed Under
Experimental Use Permit 69224-EUP-1: Influences Applications on Communities
of A. flavus Resident in the Soil of Treated Fields and Assessment of Stability of
the Atoxigenic Phenotype of Aspergillus favus” {no MRID assigned). Efficacy
data can also be found in MRID 43763405  Cotty, P. Hartman, C. {1995}
Aspergillus flavus Isolate AF36: Product Performance Data. '

We are concerned over potential delays in reviewing the newly requested data. .
We are open to cther ways in which to bring this review to a conclusion. While

we do not view this as a public health pesticide we can also amend the label to

remove the statements pertaining to reductions in aflatoxin and change the label

claims only to include displacement of Aflatoxin producing strains of Aspergifius

flavus. By removing the claim for reducing aflatoxin, AF36 should certainly not be

considered a public health pesticide so there is no need to review the efficacy

data and the review can be brought to & conclusion. If efficacy is reviewed, it

should be based on the reduction of toxigenic strains.

The above mentioned report provides extensive evidence for the efficacy of
Aspergiilus flavus AF-36 in reducing the proportion of the A, flavus
community composed of the S strain. The S strain produces very high
aflatoxin quantities and is a very significant component of the A. flavus
community in both Arizona and South Texas. Information on the efficacy of
AF-36 in modifying A. flavus communities in Texas foliows.

Efﬁcacy of Aspergilius flavus AF36 in Texas: Results of Field Tests on the 2000
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and 2001 Commercial Cottonseed Crops.

Peter J. Cotty

Research Plant Pathologist
USDA-ARS-SRRC

P.O. Box 19687, New Orleans LA 70124
504-286-4391

In order to assess efficacy of soil applied Aspergilfus flavus AF36 in South
Texas, field tests were performed in commercial cotton fields at 9 locations
throughout South Texas. Tests extended from Rangerville in the Lower Rio
Grande Valley area to El Campo in the Upper Coast area.

Locations of South Texas Field Tests in 2000 and 2001
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For each test from 0.5 to 1.0 acre of cotton was treated by hand by sprinkling
the standard wheat seed formulation of Aspergillus flavus AF36 on the soil at the
standard rate of 10 Ib./acre. In all tests multiple atoxigenic strains of A. flavus
native to South Texas were evaluated. Ali strains were applied to the same area
at the same rate in order to observe competition among strains and differences
among strains in efficacy. Efficacy of atoxigenic strains at dispiacing the highly
toxigenic S strain and other native strains was assessed by characterizing the
communities of fungi associated with the mature crop in both treated areas and
in untreated control areas separated from the treated areas by 20 rows of
untreated cotton {see field test design below).
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Eguth Texas Field Test Design
I o
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Long-term influences of atoxigenic strains of A. flavus have been observed in
Arizona. Comparing the communities of fungi resident in the soil just prior to
treatment with the community present one year after treatment typically is used
to assess this. Such comparisons determine if influences of treatments can be
expected to provide a benefit to the environment and crops the second year by
reducing the average aflatoxin producing potential of fungi resident in the field
across multiple years. The potential for long-term influences of atoxigenic strain
applications in South Texas was determined by analyzing the composition of the
A. flavus communities in the soil of treated plots prior to treatment, with the
community structures one year after treatment. Similar comparlsons were made
contrasting soil in the untreated control plots.
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In these studies, three atoxigenic strains (AF36, BK, and ST02) were applied to
the freatment area. Incidence of AF36 on treated crops in 2000 and 2001
demonstrate efficacy of Aspergillus flavus AF36 at displacing aftatoxin producers
during crop colonization.
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Both AF36 and the other two-atoxigenic strains evaluated were effective at
spreading from the applied product to the crop and displacing aflatoxin
producers during the process. Each strain was applied a single time at 10
pounds per acre. AF36 was the most effective strain in these tests. All strains
had efficacy in displacing resident aflatoxin producers.
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Competition among 3 A ﬂavus Strains in, Treated & Contro! P!ots
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In all tests, AF36 aiso demonstrated the ability to spread within treated fields
across untreated areas. This activity has repeatedily been observed in Arizona
and is an aspect of the efficacy of AF36 in displacing aflatoxin producers. The
goal of AF36 applications is to modify A. flavus communities so that they have a
lower potential to produce aflatoxins. The tests in Texas demonstrate great
efficacy of AF36 in achieving that goal.
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An important aspect of the efficacy of AF36 in Arizona is the ability of
applications to make changes to the composition of A, flavus communities in
soils that are detectable even the season after application. This allows the
possibility of inducing long-term reductions in the aflatoxin-producing potential of
A. flavus communities resident in fields and thus provides the potential to get
additive reductions over time. This allows for long-term reductions in the quantity
of aflatoxins in crops and in the environment.

Tests performed in Texas in 2000 and 2001 demonstrated excellent efficacy in

producing long-term influences of atomgemc strain applications similar to-those
seen in Anzona
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Three tests in 2001 were also performed in which 8 atoxigenic strains were
compared for efficacy in ability to competitively exclude aflatoxin producers,
Aspergillus flavus AF36 demonstrated superior efficacy in these trials as well.
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

OFFICE OF
o PREVENTION, PESTICIDES AND
cep | B 1956 TOXIC SUBSTANGES
i

Dr. 8ill Biehn, Coordinator
Interregional Research Project No.4
681 US Highway #1 South

North Mew Brunswick, NJ 08802

Dear Dr. Biehn:

Subject: Pre-registration meeting on Aspergillus flavus AF36
on Cotton in Arizona

The Agency has reviewed your submission dated May 7, 1998, regarding the minutes of
the meeting with certain members of the Biopesticides and Pollution Prevention Division
{BPPD). The points in your submission were numbered 1 through 11 to facilitate
communication on certain points. The team members have provided the foliowing comments
on the meeting minutes:

item 3 - “The purpose of the ELUP......need to be evaluated.”

Your claim in this project is to eliminate the toxigenic strain of A. flavus. It is highly uniikely that
you will eliminate aflatoxin. Accurate claims should address reduction of the toxigenic strain or
of aflatoxin, and if possible, which of the aflatoxins you plan {o reduce.

ltem 7 - "Concern was expressed......Section 3 registration.”

A biue folder was presented with anecdotal information to support a request to waive the
requirement for the avian toxicity studies. Requests to waive data must be supported by sound
scientific information. In your data waiver request, please clarify:

{a) what preferred habitats for birds are available within the treatment area;

(b) the proximity of such habitats to the cotton growing areas;

© what the exposure of birds is likely to be to A, flavus AF38 during pesticide application and
during the growing season.

item 8 - "it was also pointed out.....avian toxicology studies.”

Clarify whether wheat fields are adjacent to and/or in close proximity to cotton fields in Arizona.
Inciude either a study plan or what procedure you plan to use to monitor the exposure and
effects on birds in the treated area.

ltem 9 « “Since A._flavus occurs.....Experimental Use Permit.”

{a) The potential pathogenicity of the active ingredient must be addressed. A label warning of
potential pathogenicity and a requirement for appropriate Personal Protective Equipment will be
required on labels issued for use of A. flavus AF38.

Intermnat Address {URL) = http/iwww.epagov
Rocycled/Recyclable » Printed with Vagelabta Ol Baged ks on Hecpelsd Papor (Minimum 25% Posteonsuroaeit
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(b) Requests to waive data requirements for environmental fate may be supported by the
submission of information regarding the microbial ecology of both aflatoxin-producing and non-
aflatoxin producing A. flavus in Arizona.

ftern 11 - "EPA indicated that a description of the manufacturing......We agreed to provide it.”
With reference to the folder entitled “Recommendations for setting up a large-scale AF-36
wheat production facility in Phoenix, Arizona”, dated April 1997, the team was of the opinion
that the extrapolation from the scale-up from 2 cubic feet to 100 cubic feet may be problematic
and that further quality control measures may be required.

It is good that you mention that verification will be requested relative to temperature
maintenance within the sterilization procedure. During the scale-up, the time required for
coaling from 37°C to 31°C after inoculum addition may increase. 1t is feasible that without
adequate Quality Assurance controls, the potential for contamination by extraneous
microorganisms can occur. Since the systems appear to have agitators, it may be possible to
cool the hot sterile seeds with HEPA filtered air. If this is not practical and you have alternative
proposals, describe what Quality Assurance and Quality Control measures you plan to take to
minimize contamination during the manufacturing process.

Also of concern are:
{a) There was some question about whether the manufacturer was aware of the sterile
techniques required for solid state fermentation, (see memo dated April 6, 1998, from Joe
Ploski (USDA) to Tom Chirkot {Patterson-Kelley Co.). Please verify that steps will be taken to
implement those sterile techniques and to train manufacturing staff to maintain those
fechniques.
(b) Is there an alternative non-porous material to pillow cases for use in the drying oven? Can
steps be taken to contain the potential dissemination of spores from the pillow cases during the
transport of the AF36-treated wheat seeds to the drying oven?
@© Include in your description of the manufacturing process, the steps taken to monitor air
quality to ascertain product integrity.
(d) The wheat seeds treated with A. flavus AF36 must be differentiated by way of color from
other wheat seeds used for planting or processing. Include the amounts of the dye/coloring
material used in your Confidential Statement of Formula and a description of the method to
color the seeds in your manufacturing process.

If you would like to discuss these matters any further, do not hesitate to call Shanaz
Bacchus at 703-308-8097.

Sincerely,

Phil O. Hutton, Chief

Microbial and Plant Pesticides Branch

Biopesticides and Pollution
Prevention Division
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UNITED STATES EMVIRONMENTAL PROTECTION AGENCY

Dr. Bill Biehn, Coordinator
Interregional Research Project No.4
681 US Highway #1 South

North New Brunswick, NJ 08902

Dear Dr. Biehn:

Subject: Pre-registration meeting on Aspergillus flavus AF36
on Gotton in Arizona

The Agency has reviewed your submission dated May 7, 19898, regarding the minutes of
the meeting with certain members of the Biopesticides and Pollution Prevention Division
(BPPD). The points in your submission were numbered 1 through 11 to facilitate
communication on certain points, The team members have provided the following comments
on the meetling minutes:

ftem 3 - "The purpose of the EUP......need to be evaluated.”

Your claim in this project is to eliminate the toxigenic strain of A. flavus. 1t is highly unlikely that
you will eliminate aflatoxin. Accurate claims should address redugtion of the toxigenic strain or
of aflatoxin, and if possible, which of the affatoxins you plan to reduce.

tem 7 - "Concern was expressed......8ection 3 registration.”

A blue folder was presented with anecdotal information to support a request to waive the
requirement for the avian toxicity studies. Requests to waive data must be supported by sound
scientific information. In your data waiver request, please clarify:

(a) what preferred habitats for birds are available within the freatment area,

(b} the proximity of such habitats to the cotton growing areas,

@ what the exposure of birds is likely to be to A, flavus AF38 during pesticide application and
during the growing season.

Item 8 - “It was alsc pointed out.....avian toxicology studies.”

Clarify whether wheat fields are adjacent to and/or in close proximity to cotton fields in Arizona.
Include either a study plan or what procedure you plan to use to monitor the exposure and
effects on birds in the treated area.

ftem 9 - "Since A, flavus oceurs.....Experimental Use Permit”

{a) The potential pathogenicity of the active ingredient must be addressed. A label warning of
potential pathogenicity and a requirement for appropriate Personal Protective Equipment will be
required on labels issued for use of A, flavus AF36.
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(b) Requests to waive data requirements for environmental fate must be supported by the
submission of information regarding the microbial ecology of both aflatoxin-producing and non-

aflatoxin producing A. flavus in Arizona.

ltem 11 - "EPA indicated that a description of the manufacturing......We agreed to provide it.”
With reference to the folder entitled “Recommendations for setting up a large-scale AF-36
wheat production facility in Phoenix, Arizona", dated April 1887, the team was of the opinion
that the extrapolation from the scale-up from 2 cubic feet to 100 cubic feet may be problematic
and that further quality control measures may be required.

It is good that you mention that verification will be requested relative to temperature
maintenance within the sterilization procedure. During the scale-up, the time required for
cooling from 37°C to 31°C after inoculum addition may increase. It is feasible that without
adequate Quality Assurance controls, the potential for contamination by extraneous
microorganisms can occur. Since the systems appear to have agitators, it may be possible to
cool the hot sterile seeds with HEPA filtered air. If this is not practical and you have alternative
proposals, describe what Quality Assurance and Quality Control measures you plan to take to
minimize contamination during the manufacturing process.

Also of concern are:
{a) There was some question about whether the manufacturer was aware of the sterile
techniques required for solid state fermentation, (see memo dated April 6, 1888, from Joe
Ploski (USDA) to Tom Chirkot (Patterson-Kelley Co.). Please verify that steps will be taken to
implement those sterile technigues and to train manufacturing staff to maintain those
techniques.
(b) Is there an alternative non-porous material to pillow cases for use in the drying oven? Can
steps be taken to contain the potential dissemination of spores from the pillow cases during the
transport of the AF36-treated wheat seeds to the drying oven?
® Include in your description of the manufacturing process, the steps taken to monitor air
quality to ascertain product integrity.
(d) The wheat seeds treated with A. flavus AF36 must be differentiated by way of color from
other wheat seeds used for planting or processing. [nclude the amounts of the dye/fcoloring
material used in your Confidential Statement of Formula and a description of the methed to
color the seeds in your manufacturing process.

If you would like to discuss these matters any further, do not hesitate to call Shanaz

Bacchus at 703-308-8097.
% ﬁ' >

Phil O. Hutton, Chief

Microbial and Plant Pesticides Branch

Biopesticides and Pollution
Prevention Division
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May 28, 1997
Ms. Shanaz Bacchus L
U.S, Environmental Protection Agency \ﬂ;S Saen
Biopesticides and Pollution Prevention Division /

Mailcode (T501W) A ;

401 M St. SW WU |

Washington, DC 20460 l:

Dear Ms, Bacchus: i
This letter is to confirm our understanding of the meeting between US EPA, IR-4,

USDA/ARS and National Cotton Council at your offices on April 10, 1997, The following

people were present:

USEPA ,
Phil Hutton | OPP/BPPD
Shanaz Bacchus OPPBPPD
Doug Gurian-Sherman OPP/BPPD
John Kough OPP/BPPD
Cindy Schaffer OFP/BPFD
Geil Tomimatsu . OPP/BPPD
USDA/ARS
Peter Cotty Research Plant Pathologist
Jane Robens National Program Leader, Food Safety and Health
IR.4
Christina Hartman Biopesticide manager

National Cotton Council -

Phil Wakelyn Senior Seientist, Environmental Heaith & Safety

The purpose of this meeting was to determine if the efficacy data currently being

" generated by Dr. Cotty under an EUP would be sufficient to support a section 3 registration

for Aspergilius flovus AF36. Strain AF 38 is used to displace aflatoxin producing strains in
the cotton erop. Because of the human health implications, efficacy data is required for a- full
registration and it is necossary that this data be sarisfactory to the Agency.

Presented materials

Dr. Cotty apened his presentation with an overview of aflatoxin contamination of
cottonsecd, Points covered included significance to industry, commercial sampling and analysis
for aflatoving, national versus state regulations, practices and policies. national dlstribution,
and high variability, He next described the two phases of aflatoxin contamination and the
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predisposing factors and the current technologies for prevention of contamination of cottonseed.

Dr, Cotty then described the complex communities of Aspergilius flavus vegetative
compatibility groups. He included a discussion on vegatative compatibility analysis aa it
pertains to field test analysis. Existing efficacy data and mechaniams of action weres reviewad.

Greenhouse experiments have shown that Aspergillus flavus interferes with aflatoxin
contamination when introduced into damaged cottonbolls at equal or 1/2 the conidial
concentration of the aflatoxin producing strain. Presence of AF 36 in bolls or cultures is always
associated with reductions in aflatoxin concentrations. Field plot experiments have shown that
AF 36 displaces aflatoxin producing strains under cotton preducing conditions in Yuma, Arizona.
and that the end result is a fungal community associated with the crop that has a lower
potential to produce aflatoxins. This community change is associated with reductions in
aflatoxin contamination. Field plot studies have shown that the aflatoxin content of the crop is
directly and inversely related to the incidence of Aspergilius flavus AF36. Increases in the
incidence of Agspergillus flavus AF36 in the greenhouse and field plots consistently result in
decreases in aflatoxin concentration in cottonseed. From this it is clear that when the percent of
the Aspergillus flavus community composed of AF36 is increased, crop vulnerability to aflatoxin
contamination is decreased and the quantity of aflatoxin in the crop is reduced compared to
what would have been present if AF 36 was not present.

Next Dr, Cotty showed the design for commercial field tests. A chart was shown that
showed the distribution of the wheat sead (inoculum) after commercial application. A map of
the distribution of the aflatoxin contamination among fields surrounding the treated field at
Mohawk Valley test area 1 was shown to illustrate 13398 results. A chart with the influence of
gin data on aflatoxin content of the cornmercial crop in 1995 and 1896 and a bar chart
comparing all seed lots from the Mohawk gin with the treated f{ieid.

A map of incidence of AF36 in Mohawk Valley test area 1 in soil prior to application and

" a map of incidence of AF36 on the crop after ginning were used to show the spread of the isolate.

Tables presented included aflatoxin levels in Mohawk Valley test area 1, AF36 incidence in
Mohawk Valiey test area 1, aflatoxin levels in Mohawk Valley test area 2, AF36 incidence in
Mohawk Valley test area 2, aflatoxin levels in Yuma Valley test area and AF36 incidence in

Yuma Vallay test area. .

Dr. Cotty next explained the relationship between the concentration of aflatoxin
contamination in BGYF seed and the percent Free Fatty Acid content. As free fatty acid content
increased, the concentration of aflatoxin in the crop increased. The relationship for untreated
fields differed markedly from the relationship for treated fields, Aflatoxin content increased
much faster with free fatty acid content in untreated Relds. An overhead was shown with
aflatoxin content of BGYF seed measured. predicted, average of surrounding fields, and range in

surrounding fields.

The total aflatoxin content of cottonseed in untreated [ields was also corrclated (R2 =
0.8223) with free fatty acid content. Free fatty acids form when cottonseed is exposed to high
humidity. Thus, the correlations indicate that as the seed was exposed to high humidity,
aflatoxin increased and the increases were greater when the exposure was greater. This agrees
with the general picture seen for cottonseed from this area in 1866 wheve the quantity of
aflatoxin increased with harvest date. The latter harvested cotton would be the cotton exposed
to humidity to the greatest extent. The total aflatoxin content of cottonseed from treated fields

-2-
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was also significantly correlated (R* = (0.9942) with free fatty acid content. However, with the
combined data (from treated and untreated fields) the correlation was poor (R? = 0,2659). This
is because the relationship between free fatty acid content and aflatoxin was very different in
treated and untreated fields. Aflatoxin content increased with free fatty acid content at a much
slower rate in treated fields than in untreated fields. Howaver, a good correlation (R* = 0.8661)
exists between frea fatty acid content and the number resulting from multiplying aflatoxin
content times the percent of the 4. flavus community composed of AF36. This supports the
contention that the difference between treated and untreated fields in the relationship between
aflatoxin content and free fatty acid content is attributable to increased incidence of AF36 in
treated flelds. The correlations indicate that AFSG reduced the aflataxin contant of seed from
treated fields. A very strong correlation exists with the combined data set between ://
free fatty acid content and the amount of Rftatu¥in predicted if AF36 was not present. This
strong relationship indicates that the presence of AF36 in the commercial fields is & major factor
. influencing aflatoxin content, The predicated aflatoxin content was calculated by assuming that

' AF36 caused & proportional linear reduction in aflatoxin content. This assumed all toxin came
from isolates other than AF36 and the influence of AF36 resulted in simple reductions in
contaminatlon through competitive exclusion. Thus an incidence of AF36 of 50% would cause a
50% reduction in aflatoztin and cottonseed from that field would have a predicted level fowr D\ ,/
times of that measurad, ete.),

In conclusion, Dr. Cotty went over the experimental plans for 1997. These include: A)
sampling of soil within and nearby fields treated in 1996 in order to assess long-term influsnces
of AF36 application; B) sampling of acil from new fields to bo treated in 1987; C) treatment of
approximatsly 500 acres of cotton with AF36 in the Yuma and Mohawk Valleys; D) analysis of
ginned cottonseed from the treated fields for AF36, aflatoxins, and free fatty acid content.

Discussion

In general comments, Phil Hutton stated that Dr, Cotty was on the right track. John
. Kough pointed out that the following three areas of data were important to the Agency for the
section 3 scientific evaluation. The first area is levels of aflatoxin in cottonseed from treated
and non-treated areas. The secand is data showing displacement of aflatoxin producing strains
by AF36. The third is the data on correlation of free fatty acid with aflatoxin, A list of studies
and examples of data generated in 1996 are attached to confirm that these studies are
acceptable ta EPA for the section 3 registration. :

As stated by the Agency. data collected should reflect the goal of less aflatoxin in the
treated fields. The data should associate displacement of strains with aflatoxin reduction. Phil
Hutton suggested that the overall picture and trends would be given consideration since it can
be expected that AF36 can move into adjacent fields thus making some cootrol fields comparable

to the treated.

We look forward to receiving your confirmation of the above understanding.

S?:e re'iy.- '{j MM\,

Christina L. Hartman, Ph.D.
Biopesticide Manager
Qffice of IR-4
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Studies Performed in 1896 to Assess Efficacy of Aspergiffus flavus AF38
L Comparizson of Aflatoxin levels in treated and naarby flelds.

Seed cotton was harvested commercially, Gins were asked to segregate sead from
individual treated and nearby ficlds on a field by field basis and 1o keep the seed
separate until sampling was accomplished. A single sampling from each field was
taken according to the Arizona commercial feed law and this was analyzed for
aflatoxin content by an independent leboratory, Six replicated seed samples from
each fleld were taken for analyses at the Southern Regional Research Laboratory.
In order 1o separate toxin forming during the first and second phases of
contamination, fluorescent seed was separated from non-fluorescent secd.
Aflatoxin contents of the two sced categories were determined separately for each
of the six replivate samples for cach field,

Examples of Data Generated:

Aflataxin concentrations in BGYT seed both from fields treated with Aspergillus
Aavus AF36in 1996 and from nearby untreated fields

- Aflatoxin By in BOYF seed (ppb)
From weated fields From nearby ficlds
Treated field  Measured® Predicted” Actuslaverage  Actual range

Barkley 44 3 4,732 4,065 73 to 8,056
Stuhr 3 1,648 62,516 10,604 7,113 10 13,515
Sharp 204E 1,509 18,207 14,794 3,194 to 33,035

* BGYF seed was soried from non-fluorescent seed and analyzed for aflatoxin
content separately, Values arc averages of 6 replicates.  Each replicale is the

average of two analyses,
® Predicted aflatoxin values were calculated from the treated fisld’s free fatty acid

content by using the formula of the least square regression line for the correlation
batween percent free fatty acid and aflatoxin concentration for seed from untreated
fields,

Aflatoxin Content of Collonseed Harvested in Yuma Vallay Tesl Area

Aftatoxin {ppb)

Field  Type Commergial BGYF Non-BGYF Gveral
44 Treated o 3 8 8
95  Adjacent 8 73 { s
29 Adjacent ND 8,056 44 51
43 Adjacenl ND ND-Pima 15 19

NI = nol delermined,

3
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Aflatoxin Content of Cottonseed Harvested In Mohawk Valley Test Arez |

Aftatoxin {pph)

Field  Type Commercial BGYF Non-BGYF Overall
204 E Treated 19 1,509 129 138
204 W Adjacent 180 3,184 53 65
205E  Adjacent KEY 33,065 845 855
205W Adimnt 341 13,984 781 987

201 Adjacent g2 8,934 389 398
Affatoxin Content of Cottonseed Harvesfed in Mohawk Valley Test Area |

Aflatoxin {ppb)
Field  Type Commercial BGYF Non-BGYF Qverall
3 Trealed 600 1.648 484 471
4  Adjacent 200 9,385 a9 . 164
12 Near ND. 7,113 3 10
23 Near ND 13,515 &9 83
ND = not determined.

i1.

influence of applications on composition of A. flayus communlities.

Soils within treated and nearby fields were sampled and the incidence of
Aspergillus flavus AF36 in the Aspergilius flavus community resident in the fields
was determined by vegetative compatibility analysis, The dspergillus flavus
community resident on the crop after harvest was also sampled and the incidence
of AF36 determined. The incidences of AF36 in the soil"and on the crop were

compared.

Examples of Data Generated:

Influence of Applications on Incidence of AF36 in Yuma Valley Test Area

Incldence of Aspergillus flavus AF36 {%)

On Cottonseed {# lsolates)

Field  Type In Soil Prior (# Isolates)

44  Treated 3.0% (157) 745% (60}

g5  Adjacent 2.1% {(131) 78% [65}

28 Adjacent 3% {68) 31.2% {55}

43 Adjacent ND 34.0% (55)
ND = not determined.
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Influence of Applicalions on Incidence of AF36 in Mohawk Valley Tes| Area |

Incidence of Aspergillus flavus AF36 (%)

Field Type In Soil Prior (# 1salates) On Cottonseed (# Isolates)
204 E Treated 1.1% (154) 91.6% (89
204W  Adjacent 4.0% (72) 61.7% (57)
205 Adjacent ND 56.9% (72)
205W  Adjacent 0% (58) 27.1% (70)
201 Adjacent 26% (67) 42.5% (60}

ND = not delermined.

influence of Applications on Incidence of AF38 in Mohawk Valley Test Area |l

Incidence of Aspergillus flavus AF36 (%)

Fleld Type In Soil Prior (# Isolates) On Cottonseed (# Isolates)
3 Treated ) 8.6% (151) 98.6% (71)

4 Adjacent 0% (70) 23.5% (80)

12 Near ND 26.4% (72)

23 Near 6.4% (65) 11.2% (71)

ND = nol delermined.

II. Long-term and arca-wide influences of applications on composition of 4.
Savus communitles.

During 1997 the incidence of AF36 in soils withing ficlds sampled in 1996 will be
determined in order to assess long-term and area-wide influences of applications.
The quantity of fields will be expanded to included fields treated for the firs! time
in 1997. Data will not be available for these comparisons until spring 1998.

IV.  Model based analysis of influences of applications on aflatoxin contamination
using Free Fatty Acid Content of Oil to indicate the extent of erop
weathering.

A subsample of each replicate seed sample (Six per field) from each field was sent
to a commercial laboratory (Mid-Continent Laboratories, inc., Memphis, TN) for
Free Fatty Acid Analysis., Analyses were performed by official methods.
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Correlations wers tested between aflatoxin concentrations and free fatty acid
coutent for treated, untreated, and combined data.

Examples of Data Gencrated:

1200 v Correlation botwoen Frae Fatty Acid Content and Afiatoxin
Contant - Raw Data
1600 + o
BOG 4 ymaxaric- 28812 y= “f’f?’ - 8342
g R? = 06223 Combinta Duts
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= 600 A
2
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< 400 +
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R1=0.9542
0 0 T T : ; %
¢ ] 2 3 4 &
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Gorralatinn betwesn Prediclad Afalgxia (Guaality if Ng AF36)

versus Frae Fally Acid Gontant
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Predicted Aflatoxin Levals if Asp;argif!us flavus AF36 was Absent

1896 Commercial Field Tests

Free Fatty Measured Aflatoxin if 31

Field Acids (%) Aflatoxin{ppb)  AF36 {ppb)
Yurma 29 0.88 51.00 74.20
Yuma 85 0.38 0.68 0.74
MKA-205W 1.48 887,00 " 4,384.78
Mi1-20aW 0.43 85,00 168,79
NMik1-205k 207 855.00 1,985.79
Mi1-201 1.09 398.45 £93.57
NE2-4 0.77 164.45 215.00
NKk2-12 0.52 8.81 13.46

| K223 0.70 83.05 923.56
Yurnal-44 0.53 8.00 31.61
Mic1-204E 1.40 138.00 1,665.87
unKnown 132 1,284.36 1,735.86
M2-3 4,58 470,82 33,896.04
uRKNOWr 543 667.75 66,775.00
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The following corrects a transcriptionat error in the submitted version of the letter;

A very strong correlation (R®=0.978) exists with the combined data set between
free fatty acid content and the amount of aflatoxin predicted if AF36 was not
present. This strong relationship indicates that the presence of AF38 in the
commercial fields is a major factor influencing aflatoxin content. The predicted
aflatoxin content was calculated by assuming that AF36 caused a proportional
linear reduction in aflatoxin content. This assumed alt foxin came from isolates
other than AF36 and the influence of AF36 resulted in simple reductions in
contamination through competitive excluslon. Thus an incidence of AF36 of 50%
would cause a 50% reduction in aflatoxin and cotionseed from that field wouid
have a predicted level twice that of the measured aflatoxin content (a field with
75% AF36 would have a predicted level four times of that measured, ete.).
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Aspergillus flavus AF36 (Atoxigenic strain): Deﬁqier{cies and Status of studies from DERs
DER C. Schaffer 2/20/96 DER C. Schaffer 4/23/96

Deficiencies: Health Effects

. QA/QC QA/QC addressed
_ A, Vegetative compatibility analysis
// N7 O Heennse. por m:;—jf—@ . Microbial contamination

A
@) A /{m Lo _/&M j d) L hf_q A. (uantity of conidia by turbidity analysis
A

2. Sensitizer . Not sensitizer in Cotty's lab

3. Taxonomic description of strain A. Submitted.
need colony morphology,
photomicrographs

4. Amt of moisture to be limited A. Store dry on label. do not expose to

J / relative humidity >80% prior to use.
‘1\’ //
j}f \\’ 7/ S. Either use respirator or provide A. Used respirator.

pulmonary study (Ne toxicity/pathog.
pulmenary study submitted for EUP).

%\ 6. Need Acute Oral A, Acute oral done LD50 > 50g/ke.
‘ Check Tox/path and for how long?

DER G. Tomimatsu 4/24/96

Deficiencies: Ecological Effects Need, sent Ietter for timeline
4/28/97
. 1. Non-target Mammal, avian honey bee, Recommended avian tox/path
observed stonebrood in honeybee : (N. bobwhite) incl. post mortem and
histopath.
2. Wildlife toxicity? Protocols for these??

3. Non-target plants Waived
Ubiquaitous

3. Reported from %it. Aspergillosus in pigs, sheep
cattle, horses, horses, dogs, birds, insects,
housefly, termites

4. Endangered spp. not expeeted in cotton fields.
> Lf\..J.P_V\_J'L(‘, /[7/ {5 )6LL
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AFR-@2-88 11:45 FROM: IR-4 HEADQUARTERS - iD: 73283284491 BAGCE 2

¢

interregional Research Project No. 4
Minor Crop Fast Management

April 2, 1998

. TO: Phil Hutton
Shanaz Bacchus

FROM:  Bill Biehn /3 (O (Lo

SURJECT: KPA Preregistration Meeting on Aspergillus flavus

AP38 or. Cottor in AT
Wednesday Azl 15, 1998 at 1:00 p.x

Attached is the Agenda and a list of the participants representing
USDA/ARS, the cotton growers and the Arizona Department of Agriculture.
In addition to these participants, Dick Guest, Jack Norton and | will be
representing IR-4 at the meeting. '

WLB:is
. 1

inglosure

ce: R.T. Guest
J. Norton
L. Antilla
P. Cotty
P. Wakelyn
E. Minch

New Jarscy Agrieulrural Experiment Station
Coak Callego - PO, Box 231 « Naw Brunswich, Nj « 08%)3.022] - SOB/9I2-9575 + Faxr NPT 18481
11} SHAL Uy LRETY TN A Y
- & i ‘.‘”I
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11ra8 FROM: I1R-4 HEADQRUARTERS ID. 732893284491 PAGE

AGENDA

EPA PREREGISTRATION MEETING

MICROBIAL PRODUCT: ASPERGILLUS FLAVUS AF36 ON COTTON IN ARIZONA

\'Z
Vi.

Wednasday April 15, 1998 1 PM
Second Floor Conference Room
EPA, Crystal Station #1

2800 Crystat Drive, Arlington, VA

Introductions
Br. Phillip J. Wakelyn

Aflatoxin in Arizona Cottonseed: A Threat to the Cotton Industry
Mr. Chuck Youngker, Mr. Clyde T. Sharp, Mr. Larry Antilla

Overviaw of Aflatoxin Biocontrol Studises
Dr. Peter J. Cotty

u AF36 is in the commercial crop and in natural desert ecosystems.

uToxigenicity is reduced without changing the overall quantity of Aspergilius flavus
uCurrent Shifts towards more toxic Fungat Communities are Reversed,
uApplications Result in Long term and Area wide Banefits.

Foliow-up: Alternatives for Expanded use on Arizona Cotton in 1999,
{The target for 1999 is 20,000 treated acres.)

uActive ingredient production in a publicly managad, growar owned facility.

ubData requirements for an amended/expanded EUP.

uRaequiremants for Section 18 ragistration.

uRequirements for full registration limited to a public managed program in Arizona.
uQOthar.

Requirements for Dals Waivers for Toxicological and Ecological Effects

Discussion,

w | & i
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«-o8 11:47 FROM: IR-4 HE:ADQUARTERS ID: 7323328481 FAGE 4

Participants from outside the EPA;

Dr, Phillip J. Wakelyn .
Senior Scientist, Environmental Health and Safety
National Cotton Council

Ms, Carla West
Government Affairs Rapresentative
National Cotton Council

Mr. Chuck Youngker
President Arizona Cotton Growers Assaciation and
Chairman Arizana Cotton Research and Protection Council

Mr. Clyde T. Sharp
0 Chairman Research Committee, Arizona Cotton Growers Assaciation

Mr. Larry Antilla
Staff Director, Arizona Cottort Research and Protection Council

" Dr. Edwin W. Minch
Environmental Specialist
Arizona Department of Agriculture

Dr. Petor J. Cotty
Research Piant Pathologist
Agricuitural Research Service, United States Depariment of Agriculture

i-
!
f
i
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Dr. Jane Robens
o National Program t.eader, Food Safety and Health
Agricuitural Research Service, United States Department of Agriculture
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Aspergillus flavus AF36 (Atoxigenic strain): Deficiencies and Status of studies from DERs

DER C. Schaffer 2/20/96 D

Deficiencies: Health Effects

ER C. Schaffer 4/23/96

1. QA/QC QA/QC addressed

A.
(Jz07] (D oo pir e A
@ A/’{p_:‘zf}r_«_mﬂ mﬁhjd} ﬁr: A

A

2. Sensitizer

3. Taxonomic descfiption of strain

A,
need colony morphology,
photomicrographs
4. Amt of moisture to be limited Al
ither use respirator or provide A,

pulmonary study (No toxicity/pathog.
pulmonary study submitted for EUP).

6. Need Acute Oral A,

Vegetative compatibility analysis

. Microbial contamination

Quantity of conidia by turbidity analysis

. Not sensitizer in Cotty's lab

Submitted.

Store dry on label. do not expose to
relative humidity >80% prior to use.

Used respirator.

Acute oral done LD50 > 50g/kg.
Check Tox/path and for how long?

DER G. Tomimatsu 4/24/96

Deficiencies: Ecological Effects

1. Non-target Mammal, avian honey bee,
observed stonebrood in honeybee

2. Wildlife toxicity?

3. Non-target plants Waived
Ubiquitous

3. Reported from lit, Aspergillosus in pigs, sheep
cattle, horses, horses, dogs, birds, insects,

housefly, termites

4. Endangered spp. not expected in cotton fields.

Need, sent letter for timeline
4/28/97

Recomnmended avian tox/path
{(N. bobwhite) incl. post mortem and
histopath.

Protocols for these??
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APR~Q2-9G 11:45 FROM: 1R~4 HEADQUARTERS ID: 732832084481 PAGE

interregional Research Project No. 4
Minor Crop Pastt Managemant

April 2, 1998

. TO: Phil Hutton
Shanaz Bacchus

FROM:  Bill Biehn /3,00 JZRY

SUBJECT: EPA Preregistration Meetine on Aspergillug flavus
Wednesday April 15,1998 at 1:.00 p.m.

Attached is the Agenda and a list of the participants representing
USDA/ARS, the cotton growers and the Arizona Department of Agriculture.
In addition to these participants, Dick Guest, Jack Norton and 1 will be
representing IR-4 at the meeting. '

O WLB:is

tnclosure

ce: R.T. Guest
J. Norton :
f.. Antilla _ N
P, Cotty
P. Wakelyn
E. Minch

New jorsey Agricuteural Experiment Station
Coak Cotlege - P.O, Box 131 + New Brunswick, MNf - 08903.023 ) = 308/931-9575 + Fax- WIAUT12.8481
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11:45 FROM: 1R-4 HEADGQUARTERS 1D: 7328320481 PACE

AGENDA

EPA PREREGISTRATION MEETING

MICROBIAL PRODUCT: ASPERGILLUS FLAVUS AF36 ON COTTON IN ARIZONA

VI

Wednesday April 15, 1998 1 PM
Second Floor Conference Room
EPA, Crystal Station #1

2800 Crystal Orive, Arlington, VA

introductions
Dr. Phillip J, Wakelyn

Aflatoxin in Arlzona Cottonseed: A Threat to the Cotlton Industry
Mr. Chuck Youngker, Mr. Clyde T. Sharp, Mr. Larry Antilla

Qvearview of Aflatoxin Biocontrol Studies
Dr. Peter J. Cotty

u AF38 is in the commercial crop and in natural desert ecosystems.

uToxigenicity is reduced without changing the overall quantity of Aspergilus flavus
uCurrent Shifts towards mare toxic Fungal Communities are Reversed,
uApplications Result in Long term and Area wide Benefits,

Fotlow-up:. Altarnativas for Expanded use on Arizona Cotlon in 1999,
{The target for 1999 is 20,000 treated acres.)

uActive ingredient production in a publicly managed, grower owned facility.

uData requirements for an amendsd/axpended EUP,

uvRequirements for Section 18 registration. '

uRequirements for full ragistration limited to a public managed program in Arizona.
uOther. '

Requirements for Data Waivers for Toxicological and Ecological Effects

Discussion.
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Participants from outside the EPA:

Dy, Phillip J. Wakelyn _
Senior Scientist, Environmental Health and Safety
Nationat Cotton Coungii

Ms. Carla Wast
Government Affairs Representative
Natlonai Cotton Counci

Mr. Chuck Youngker
President Arizona Cotton Growers Assaociation and
Chairman Arizona Cotton Research and Prataction Council

. Mr. Clyde T. Sharp
Chairman Research Committee, Arizona Cotton Growers Association

Mr. Larry Antilla
Staff Director, Arizona Cotton Regearch and Protection Council

Or. Edwin W. Minch
Environmentaj Specialist
Arizona Department of Agriculture

Dr. Pater J, Cotty
Research Plant Pathajogist

Agricuitural Research Service, United States Department of Agricuiture

.Dr. Jane Robens
National Program Leader, Food Safsty and Health

Agricuitural Research Service, United States Department of Agricuiture
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DrpET # /98

Dr. Bill Biehn, Coordinator
Interregional Research Project No.4
681 US Highway #1 South

North New Brunswick, NJ 08902

Dear Dr. Biehn:

Subject: Pre-registration meeting on Aspergilius flavus AF36
. for use on Cotton in Arizona

The Agency has reviewed your submission dated May 7, 1998, regarding the minutes of the
. meeting with certain members of the Biopesticides and Pollution Prevention Division {BPPD}. The points
¥ u:::ﬁs‘f-m - in your submission were numbered 1 through 11 to facilitate communication on certain points, The team
Q\.‘m&ci{-ﬂb “members have provided the following comments on the meeting:

AR

3.0 Item 3 -"The purpose of the EUP.....need to be evaluated.”
37 ™ Your claim in this project is to eliminate the toxigenic strain of A. flavus. However, this is accomplished in
"‘] *  agradual manner by displacement competition, which may be better described as a reduction of the

M‘aflatoxin contamination in cotton. ﬂ“

o)

Q&% oy “liem 7 - “Concern was expressed......Section 3 regisiration.”

9 “’1 Check-with.GT-thow-to-present-her-commenty: A blug folder was presented with anecdotal information to

F#“r ’-
% . support a request to waive dedafor theﬁi}'i”a‘i‘r‘mz oxicity studies. 2ata Waiver requests must be supported by
Xk ﬁc‘;‘: _{sound scientific information. In your data waiver request, please clarify:

| X ‘g‘ {a) what preferred habitats for birds are available within the treatment area;
4 wg,p‘ {b) and the proximity of such habitats to the cotion growing areas;

{c} what is the exposure of birds likely to be to A. favus AF36 during pesticide application and during the
growing season. jo "amd/or "

Item B - “It was also pointed out.....avian toxicology studies.” S - _
Clarify whether wheat fields are adjacent to er’in close proximity to cotton fields in Arizona. o k’
i i is § ; i Ip At uri2

(Gail, for my own info, what do we need this information for#) Bo.cde E/wf.-w.é;az OGN E

Lo.e UJ$ o o) %ﬁ KA <:TK+ GT)
ltem 9 - “Since A. flavus occurs.....Experimental Use Permit.”

(a} The potential pathogenicity of the active ingredient must be addressed .{John: re your statement that
"some disclaimer about potential pathogenicity may be needed” what do you mean by your comment and

what data/rationale will address your concerns? | need some help here to put your thoughts into
words.... Thanks) - Theat e ol cle shtudies to s ppad et udl o W’Ma

s lobe o laled i win g o) W6 Fean tial pmgm aty - appwp e protectue
{b} Requests to waivg&d&te*for environmental fate-deta- must be supported by the submission of f-@“""@ .
appropriate information zegarding the microbial ecologylof both aflatoxin-producing and non-aflatoxin
producing A. flavus in\iﬁr'}zgng. . s

Ny % . stwdee
Item 11 - "EPA indicated that a description of the manufacturing ........ We agreed to provide it." With
reference to the folder entitled "Recommendations for setting up a large scale AF-36 wheat production,”

FYT, Shaan — _ ) %
D DNadre a st weeed . TR AMeiotoaends o0 Healieg (e

* Mﬁb W&Cﬂb— waiirer redodatanr  cne OMJ . (m&r '

‘_U A oL Qe A—&GWWQ wri . WA/V\A \55‘1’/‘:&'8{& @)g‘;’buwmh

o d. At



R AT E
“’:""\;(’Aise of concern are

B

4

AT g
e team felt-that-to-extrapolatg from the scale-up from a 2 cubic feet production process to a 100 cubic
feet production process may be problematic and further quality control measures may be required.

it is goad that you mention thal verification will be requested relative o temperature maintenance
within the sterilizalion procedure for the wheal seeds. However, there is some concern about the
presence or proliferation of contaminants during the incubation process. During the scale-up, the lime
span required for cocling fram 37°C to 31°C after inoculum addition may increase. ILis feasible that,
without adequale Quallly Assurance conlrols, the polential for contamination by exiraneous
microorganisms can occur. Please describe your Quality Assurance and Quaiu!y Ceniro{ measures o
minimize conlam:nel:on dunng the manufac!urmg process bt VAL D ceen T :

- it ,,\'
AT T T
{a) issues about air quatlily in the manufaclunng estabhshment

Hg_b) the transfer of the trealed wheal seeds lo the drying oven in what may be porous piflow cases; and

(c) the reference to the possibility that the company may not be aware of the slerite techniques involved in

the production process (see memo from Joe Piosku 4/6/98, to Tom Chirkot Pal!ersen -Keltey Co.).
R g&{.;-;. P pe A Lf

!' TR

" /The sleps taken to monilor the air quality in the manufaclurmg establ:shment and to umplement the

use of sterile techniques musl be documented and employees must be trained in aseptic techniques???
(HELP, Team! We approve manufacturing methods and product chemistry, GSHA enforces. in the

description of the manufacturing methed, den't we want information to show lhel lhe aseptnc technigires

wilt reduce polential contamination of the EP?) — 2 ¢, L, F I LI padier toaa MR =
{ o

Your communication in wrilng regarding the above comments will be included in the Agency's
assessment of the pending data packages in support of the use of this active ingredient. If you have any
guaslions, do not hesitate to call Shanaz Bacchus on 703-308-8097.

Sincerely,

Phil Hulton

Who signs? Chief
pMicrobial and Plant Pesticides Branch
Biopesticides and Pollution Prevention Division

cc. Files f>'§v'\c:x\,‘
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RE: Comments on "Recommendations for the Setting Up a Large-Scale AF-36 Wheat
Production Facility in Phoenix, Anizona, April 1997"

Shan,

1 have looked over the Aspergillus flavus AF-36 proposal and find that my comments are
largely shared by John Kough relative to the scale-up from 2 ft* to 100 f2. It is good that they
mention that verification will be requested relative to temperature maintenance within the
sterilization procedure for the wheat seeds. This could be a pitfall in extrapolating from small
scale to large.

My other concern is the presence of contaminants in the incubation process. Given that
the incubation period at 30-31 °C is only 20 hours and the moisture content is dropped to 6-8 %
(over an undetermined time frame), [ don't feel that a major problem exists if the starting
inoculum is pure. However, once this process is adjusted to 100 ft, the times for cooling from 37
to 31 °C after inoculum addition may be greater. There doesn’t seem to be any QA/QC for
extraneous microbes that may be present and problematic. Was this issue addressed during
Peter’s presentation?

Chris M 8/2«:?/73’/
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N rasricHEnicaLS:
Interregional Research Project No. 4

Center for Minor Crop Pest Management

Shanaz Bacchus i
Biopesticide and Pollution Prevention Division '
Document Processing Desk

Office of Pesticide Programs .
U.S. Environmental Protection Agency :
Second Floor, Crystal Mall 2

1921 Jefferson Davis Highway

Arlington , VA 22202-4501 vene
(703)308-8097 March 25, 2002 Teves’

Dear Shanaz
RE: Aspergillus flavus AF36

As you requested during our conversation on March 20, 2002 I have attached a
summary of the toxicology research . Additional toxicology work has been submitted
previously, therefore this summary only represents research not yet submitted to EPA.
These will be submitted along with the Section 3 registration package.

There have not been any adverse affects attributable to Aspergillus flavus AF36 and
the primary points of consideration for the continuation and expansion of the EUP and
are as follows:

1. The honey bee study determined that Aspergillus flavus AF36 is considered non-
hazardous. .

2. There was no evidence of infectious risk in either avian or mammalian studies

3. There have been no reported adverse effects during the research or EUP phases of
product production, development and evaluation.

4. Aspergillus flavus AF36 is already found in the soils of the states requested in the
EUP.

Technology Centre of New Jersey

681 U.S. Highway #1 South « North Brunswick, NI §8902-3300 » 732/932-8575 » Fax: 732/932-8481

HE STATE EIVERSIEY (OF NE'W JERSEY

RUTGERS
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5. Aflatoxin is a known toxin.and Aspergillus flavus AF36 has the ability to reduce
this toxin.

Thank you for continued guidance in the EUP process. The EUP for Arizona and
Texas will enable additional information to be collected so that EPA can make a
better informed decision when the Section 3 registration package is submitted.

Thank you for your time in reviewing this information.

LR L]

*
LE R X

Sincerely, .

L) B

Michael Braverman, Ph.D “eses’
Biopesticide Coordinator e+,

[R-4 Project, Rutgers University
Technology Centre of New Jersey

681 U.S. Highway 1 South

North Brunswick, New Jersey 08902-3390
Tel (732)932-9575 ext 610

FAX (732)932-8481
braverman@aesop.rutgers.edu

CC: Phil Hutton, Bob Holm, Peter Cotty

Enclosure- Toxicology Summary

XXX 2R
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Preliminary Summary of Toxtcology studies on Aspergillus flavus AF36

Michael Braverman, IR-4 Project March 25, 2002

This is a preliminary summary of the results of toxicology studies of Aspergillus flavus
AF36 in bees, birds and rats performed during 2001 and 2002. We are awaiting the
reports with detailed information from the toxicology laboratory (Huntingdon Life
Sciences, Ltd. Huntingdon, England). In addition to these studies, through the history of
laboratory research, production of 4. flavus-colonized wheat seed and in field use of this
product under the current EUP, there have not been any reported ill effects. This hagses
included manufacturing personnel, field and laboratory staff, and growers and field***
workers. Applications of Aspergiilus flavus AF36 have been made to commercial fields

since 1996 and a tolal of over 40,000 acres of commercial cotton in Arizona have beea secses
treated with Aspergillus flavus AF36. Over 400,000 pounds of wheat seed colonizgg, by, . .
Aspergiflus flavus AF36 has been produced at the manufacturing facility in Phoenik. “::::
This facility has been developed and built by a partnership between the Agricultural - ceses

Research Service of the United States Department of Agriculture and the Arizona Cotton sssee
Research and Protection Council (ACRPC). The ACRPC is statutory agency of thg Stitg

of Arizona and is run by a board of cotton producers appointed by the Governor of.:“:

Arizona in consultation with the Arizona Cotton Growers Association. ' et
Previously submitted information has documented that Aspergilius flavus is conumon on
crop and native plants and in soils throughout the areas in which Aspergillus flavus AF36
will be applied. Furthermore, it has been documented that Aspergillus flavus AF36 is
ubiquitous in the areas of Arizona and Texas for which Experimental Use Permits have

been requested.

Material for Toxicology Studies

For all studies Aspergilius flavus AF36 was produced in the same manner as when
applied to commercial fields for reduction of aflatoxin producing fungi. For the initial
mammalian study conidia were produced on sterile wheat seed in sterile bottles just prior
to animal dosing. The conidia were washed from the wheat with rigorous shaking in
0.5% Tween 80. In subsequent studies, the avian study and the dose-range study in rat,
the conidia were washed from the wheat in sterile physiological saline. For the bee study,
colonized wheat seed was applied to a commercial cotton field in the routine manner.

Honev Bee Study
A study was conducted by The Bee Group of Washington State University, AF-36

colonized wheat seed was applied aerially at 10 Ib product/acre to a 40 acre cotton field
near Eloy Arizona. This is the rate always used in treatment of commercial fields. A 40-
acre control plot was also included. Twelve European Honeybee colonies in the plots
were observed for the number of dead bees, number of foraging bees and number of
frames of adult bees from 3 to 30 days after application for a total of 24 evalualions.

Researchers used a rating scale in which <100 dead bees/colony /day 1s considered
normal die off (Non-hazardous). Less than 100 bees died (Maximum 86) in all
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evaluations in the treated plot. Greater than 100 bees died (122 and 114)in the untreated
plots during 2 of the 24 evaluations. There were significantly more dead bees in the
treated plots on three of the ratings. There were significantly more dead bees in the
untreated plot at one of the ratings. There was no significant difference in the number of
bee foragers or frames of bees between tlie treated and untreated plot. The researchers
concluded that AF36 is non-hazardous to bees and can be applied to cotton in bleom with

minimal hazard.

Avian Inhalation Study
Study was conducted by Huntington Life Sciences, Englancl Thirty Bobwhite Quail soee

received five mean daily doses of AF36 at3.75 x 10° cfu per bird by intratracheal ,,%4
instillation. Two groups of ten birds were allocated as controls: negative control (five
undosed birds and five birds receiving the vehicle) and a heat-kifled control.

. sbpdte

M . B

[ ] L ]

There were no treatinent-related mortalities. Observations over 35 days showed no‘""‘ vesers
clinical signs of toxicity and no treatment-rclated effects evident in either bodyweight o

change or food consumption. No abnormalities were observed at macroscopic post ::E::'

mortem examination. Treatment with Aspergillus flavus A¥36 produced no toxicity ad
no mfectivity. Tevss’

Mammalian Studies

The initial pulmoenary rat study which resulted in lethality in a significant number of
animals treated with either the live Aspergilius flavus AF36 in Tween 80 or heat killed
Aspergillus flavus AF36 in Tween 80. Onset of symptoms was rapid after dosing with all
deaths occurring by day four of the study. All rats surviving to day four of the study
recovered and all rats sacrificed (as scheduled) on day 8 or day 15 of the study had totally
eliminated viable Aspergillus flavus AF36 from the lungs, ceacal contents, and faeces.
There was no evidence of infectivity. The aetiology of deaths was unclear. However, it
is possible that Aspergillus flavus AF36 prepared using Tween 80 caused a severe acute
inflammatory response. Retrospective literature review and consultation with a
toxicologist supported the theory that the responses were a result of a synergism with
Tween 80 and/or of Tween 80 breakdown products formed during preparation of the

spore suspension.

A second rat study was therefore undertaken. In the second study the conidia were both
washed from the wheat and suspended in sterile physiclogical saline instead of Tween 80.
Animals (2 male and 2 female for each treatment level) were dosed at 0, 105, 10%, 107,
and 10% colony forming units per rat. There were no clinical signs in any of the treatment
groups considered to be associated with the test substance. Rats were sacrificed at day 8
without treatment associated mortality. No abnormalities were observed in any of the
animals at the macroscopic examination at termination.

Based on these two mammalian studies, we concluded that Aspergilius flavus AF36 does
not present either a toxicological or an infectious risk to mammals.
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